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FOREWORD 


This report presents the concept, design and testing to qualify an Electronic Delay Ignition 
Module for use as a Scout Fourth Stage motor ignition system. Included in this report are the criteria 
for component selection, design, and test results. 
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1.0 SUMMARY 


The Scout Fourth Stage Electronic Delay Ignition Module (EDIM) design and qualification 
program was authorized under NASA Contract NASl-12500, Task R-59. An Engineering model and 
a Qualification model of the EDIM were constructed and tested to Scout flight qualification criteria': 
at Vought Systems Division of LTV-Dallas, Texas. The qualification model incorporated design ' .o 
improvements resulting from the Engineering model tests. Ignition design concept was based:on . . ■ 
SBASI ignition energy requirements as shown in Reference 3 (NASA Contractor Report. NAS CR-. 
2461), Reference 1, and Reference 2 (NASA Technical Report 32-1556 and 32-1230).: Compatibility 
with Single Bridgewire Apollo Standard Initiator (SBASI) was proven by test firing forty-five (45) ’ 

SBASI's at NASA Langley Research Center (LRC) with worst case voltage and temperature conditions. 

The EDIM was successfully qualified for Scout flight application with no failures during testing 
of the qualification unit. Included herein is a method of implementing the EDIM into Scout vehicle 
hardware and the Ground Support Equipment (GSE) necessary to check out the system. • " ■ 


2.0 INTRODUCTION 


The design, development and testing of the EDIM was performed to provide an ignition system 
which can replace the existing Scout 4th stage pyrotechnic delay ignition system. Requirements of 
the EDIM ignition system are to provide ignition power to a SBASI, utilize existing power sources and 
accomplish the ignition function using a capacitive discharge technique. 

Steps leading to the flight qualified unit were design, breadboard test, reliability evaluation, 
engineering evaluation test, production documentation, qualification test and SBASI compatibility 
tests. This report summarizes the results with detailed test data contained in the appendix to this 
report. 

Appendixes D and E were prepared by members of the Vought Corporation, Systems Division 
Engineering Staff, J. D. Clark (Reliability Evaluation), W. L. Billow (Qualification Report), and C. L. 
Dyer (Electromatic Susceptibility Test Report). 


3.0 DESIGN AND BREADBOARD EVALUATION 


3.1 Design Criteria 

Design of the EDIM is based on the following criteria developed during review of Scout re- 
quirements and trade-offs to optimize the design; 

(a) Delay and ignition power will be obtained from existing Scout 3rd stage ignition battery. 
The energy necessary to power the delay circuit and SBASI ignition will be stored in capacitors. 

(b) Power to charge the "Storage" capacitors will be initiated with the Scout Guidance 
Intervalometer command. Start of the ignition time delay will be a normally open switch which 
closes on 3rd to 4th stage separation. 



(c) Environmental requirements included temperature, vibration, thermal shock, mechanical 
shock, humidity, high temperature altitude, acceleration and EMI (Ml L-STD-461). 

(d) SBASI firing energy requirements, firing switch selection and storage capacitor selection 
is based on results of Capacitive Discharge Ignition (GDI) study documented under Contract NASl- 
10000, R-70 (Reference 3). During this referenced study, SBASI minimum firing energy requirement 
delivered from capacitive discharge was determined to be 34 millijoules. A SCR firing switch per 
specification shown in Appendix A was determined during GDI testing to be an adequate switch for 
ignition of a SBASI. Survey of the available capacitors for energy storage during the CDI study 
indicated that a hermetically sealed tantalum wet slug capacitor was the best choice based on size and 
reliability. 


3.2 Design Analysis 

Preliminary calculations on the energy requirement for the electronic delay showed that it is 
not feasible to use the same storage capacitor to provide power for the delay circuit and for SBASI 
firing. Based on 24 volts being the minimum allowable SBASI ignition voltage (from CDI study) and 
a steady state current drain of 4 ma, a storage capacitor of 5500 ^f would be required for a 5.5 second 
delay. This capacitance was determined using capacitor energy equation as follows. 

Q = CE 
where 

Q = charge on capacitor 
C = capacitance 
E = voltage on capacitor 

Assume 

(1) 4 ma constant current drain to power delay circuit 

(2) E^ = 28 volt initial capacitor charge voltage 

(3) E 2 = 24 volt minimum allowable charge voltage on capacitor at 

5.5 sec. 

(4) Total time circuit requires power = 5.5 sec. 

Therefore, 

“required' 15-5) 

“required ' " *^ 2 “* 

Q 


This value of capacitance will require too much packaging space. For use in this design, from a 
capacitahce size standpoint it is more efficient to allow decay of the delay circuit storage capacitors 
to a lower voltage than can be tolerated on the ignition storage. Therefore, two storage banks of 
capacitors isolated from each other and the power source by diodes are used in this design. 


= 22 me 


22 X 10-3 


= 5500 ixf 
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The electronic delay ignition system physical size is determined for the most part by the 
amount of storage capacitance required. Scout requirements were reviewed to determine minimum 
delay required for 4th stage firing. Results of this review are presented in Figure 1. 

Curve A represents the normal separation rate between 3rd and 4th stages of Scout with 
proper 3rd stage retro motor operation ("retro"). Curve B represents the 3rd to 4th stage nominal 
separation rate without "retro", the dashed lines corresponding to curve B represent the predicted 
maximum and minimum limits of separation rate without "retro". The horizontal dashed line at 
50 inches separation represents the minimum separation distance needed for proper Scout control 
operation. The intersection of the lower limit with the 50 inch separation line at three seconds is the 
minimum recommended time for ignition of the 4th stage motor. Based on this information, a delay 
of 4.0 seconds ± 0.5 second was chosen for the design limits for the electronic delay ignition. 

In order to achieve the ± 0.5 second accuracy over the environmental limits some type of 
voltage stabilization of the capacitor delay voltage is required. Likewise the capacitance variation 
with temperature (—60% @ — 55°C and +25% @ 85°C> ruled out the possibility of utilizing RC time 
delay directly as a delay time generator. Generation of the 4.0 second time delay with active electron- 
ic components directed some type of voltage regulation. The linear integrated circuit precision vol- 
tage regulator per Appendix B will perform this function so that voltage variations do not affect the 
generated delay time. A linear integrated circuit voltage regulator was chosen for this design because 
of its small size (10 lead metal can), low standby current, minimum external components required 
and voltage regulation. 


Figure 2 illustrates how the power consumed in the delay circuit affects required storage 
capacitance. The plot of Figure 2 was obtained by evaluating 

Q 

C = where; 

El - E2 

El = 28 volts initial capacitor charge voltage 

E 2 = 11 volts minimum capacitor charge voltage that the regulator 
will maintain 9 volt output 

Q = current x delay time 

Delay time = 5.5 second (4.0 second ignition delay plus 1.5 second spin 
motor to separation delay) 


Figure 3 illustrates the effect of increased delay time on required storage capacitance. Figure 3 
was obtained in the same manner as the previous figure except current was held constant while varying 
delay time. For the breadboard evaluation test, a storage capacitance of 1320 MFD (1410 MFD actual 
measured value) was chosen. 
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3.3 Breadboard Circuits 


Several methods of generating the 4.0 second ignition delay such as pre-package timer, TTL 
Oscillator/Divider, COS/MOS, and unijunction transistor were evaluated. Under consideration were 
pre-packaged programmable units which are available off-the-shelf, but were rejected on the basis 
of power consumption. Also considered were circuits built from available components such as the 
circuits shown in Figures 4, 5, and 6. The prime consideration in evaluating these circuits was the 
power required for operation. Circuits as shown in Figures 5 (COS/MOS) and 6 (Unijunction 
Transistor) were selected for breadboard tests. These two circuits were selected on the basis of pre- 
directed power consumption requirements. The COS/MOS circuit as breadboarded is shown in 
Figure 7 and the unijunction circuit as breadboard in Figure 8. 



Icc (1) = 0.2 ma 
max. 


Max. worst case current requirements (5V) 
divider = 7.2 ma 

3 input gate = 0.5 ma 
3 ea inverte r = 1.53 
total 9.23 ma. 


FIGURE 4. - TTL OSCILLATOR/DIVIDER 
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Timing waveforms 



FIGURE 5. - COS/MOS MOIMOSTABLE 







Min. unijunction res. R0go ~ 

max. current ^ 9.6/4.877 = 1.845 ma 



FIGURE 6. - UNIJUNCTION TRANSISTOR DELAY CIRCUIT 
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FIGURE 7. - COS/MOS BREADBOARD CIRCUIT 
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FIGURE 8. UNIJUNCTION TRANSISTOR BREADBOARD CIRCUIT 



3.4 Breadboard Test 


Objective of the tests on the COS/MOS and unijunction delay circuits was to verify operation, 
timing accuracy and current necessary for operation. Both circuits were subjected to operation at in- 
creased temperature using a heat lamp as a heat source. In all tests, delay time was measured with a 
stop watch. 

3.4.1 — Voltage Regulator — with the voltage regulator connected as shown in Figures 5 and 6, the 
standby current was measured to be 2.0 ma. The output voltage regulation with input line variation 
from 30 to 1 1 volts was measured. No change in regulated output could be measured until the input 
reached 10 volts, then the output decreased at the same rate as the input. The voltage regulator 
circuit regulated at 8.73 volts output with the circuit components values as shown. 

3.4.2 — COS/MOS — the power required for operation of the circuit as shown in Figure 5 was 
measured with the following results: (NOTE: These measurements do not include voltage regulator 
standby current.) 

(a) Steady state current after closure of the start switch = 0.8 ma. 

(b) At "Time-Out" current pulsed to *= 1.3 ma (see Figure 5). Table I shows the time from 
removal of the power source until the output of voltage regulator is affected. Table II shows the delay 
stability of this circuit at ambient temperature 23.9°C), while undergoing application of heat (tem- 
perature of board increased to «= 82°C ) and while cooling down. This data indicated that the 
COS/MOS would be adequate from a timing accuracy standpoint. 


TABLE I. - COS/MOS TIME DELAY BREADBOARD 


Time to voltage regulator output voltage drop 


Without start pulse 

With start pulse 

14 seconds 

9.3 seconds 

13.5 

9.0 

13.5 

8.9 

14.0 

9.1 

13.7 

9.2 

13.6 

9.1 

13.6 

9.3 


Time measured with stop watch. 
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TABLE II. - COS/MOS TIME DELAY BREADBOARD 


Time stability with application of heat 


Time Delay . 

@ Ambient temperature 

*Heated« 82°C 

Cooling down 

6.7 seconds 

7.0 seconds 

7.1 seconds 

6.74 

7.0 

7.1 

6.8 

7.5 

7.0 

7.0 

7.35 

7.0 

6.9 

7.3 

7.1 

7.0 

7.35 

7.1 

7.0 

7.3 

7.0 

6.9 

7.2 

6.9 

6.9 

7.35 

7.0 

7.0 

7.3 

6.82 


*Temperature measured with thermometer near surface of board. 
Time measured with stop watch. 


A problem was encountered with this circuit due to marginal capability to furnish gate drive 
current to the SCR. Ten SCR's were tested with the COS/MOS circuit, three of these SCR's could not 
be gated on. Test of the SCR's proved that all were operational and within specification limits for 
gate drive requirements. Re-evaluation of the COS/MOS circuit indicated insufficient output drive 
capability to reliably trigger the selected SCR. In order to use this circuit, an additional drive circuit 
must be added. Since the additional circuit would have to be AC coupled and biased "OFF", current 
drain in excess of 1 ma would be required. Therefore, this circuit would be unacceptable from a 
power consumption standpoint. 

3.4.3 — Unijunction Circuit — capability to temperature compensate the time delay circuit plus the 
ability to drive the SCR gate directly makes the unijunction transistor a good device to use for gener- 
ating the ignition delay. The unijunction breadboard (Figure 6) was evaluated in the same manner as 
the COS/MOS circuit. Power measurement results were as follows: 

Steady stage current (Including voltage regulator standby current) = 

3.3 ma (before start switch closure) > 

= • 3.35 ma (after start switch closure) 

Voltage Regulator output voltage = 8.73 volts. - 
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Time from removal of power to start of voltage drop (w/o start) at the voltage regulator output was 
as follows: 


7.4 sec 

7.2 sec 

7.3 sec 

7.2 sec 

7.3 sec 
7.15 sec 

In order to evaluate circuit operation at a lower Base-1, Base-2 unijunction current the 150 
ohm Base-2 resistor was changed to 1500 ohm with the following results: 

Total Current w/o start pulse = 2.8 ma 
Total Current with start pulse = 2.95 ma 
Voltage Regulator output voltage = 8.73 volts 

At ambient temperature the time repeatability of the minimum current circuit was: 

4.3 sec 

4.3 sec 

4.3 sec 

4.3 sec 

4.3 sec 

4.3 sec 

The same ten SCR's tested with the COS/MOS circuit were tested with the minimum current 
configuration unijunction circuit and all were gated "ON" with a 1 ohm load simulating a bridgewire. 

Another circuit configuration evaluated with the unijunction (with 150 ohm in Base-1) was 
to move the start switch so that upon closure, power is furnished to the unijunction circuit. (Refer- 
ence the SW-1 changes indicated by dotted lines to Figure 6). 

Power requirements for this configuration: 

Total current w/o start pulse = 2.0 ma 
Total current with start pulse = 3.3 ma 
Voltage Regulator output voltage = 8.73 

This configuration was desirable because the only power consumed between power disconnect 
and delay start (1.5 sec) is the voltage regulation standby current. However, the SCR will be gated 
"ON" if the start switch opens after the timing capacitor is charged to a level sufficient to gate the 
SCR 1.5 volts). A failure of this type appears to be possible and could cause early ignition of the 
4th stage motor. With the start switch in the timing circuit only (as shown in Figure 6) switch chatter 
or a switch momentarily open would only increase the delay time equal to the time the switch is open. 
Table 1 1 1 shows the time stability at ambient temperature and the repeatability with increasing and 
decreasing temperature. Two different unijunction transistors were checked at ambient temperature 
without adjusting the calibration resistor in order to evaluate variations in unijunction transistors 
(Table III). 

Based on power consumption and circuit simplicity the unijunction circuit per Figure 6 was 
selected as the best choice for 4th stage delay ignition and was selected for Engineering test evaluation. 


14 



TABLE III. - UNIJUNCTION TIME DELAY CIRCUIT 

Time Stability 

Note: All time measurements are with stop watch 


Ambient Temperature With Heat Application (with heat lamp) 


5.0 seconds 


5.5 second increasing temperature 

5.3 I 


77°C* 

77°C* 

77°C* 

Decreasing temperature 


5.5 Ambient temperature 


Unijunction No. 2 (without readjusting time delay resistor) 


Ambient T emperature 

5.5 seconds 

5.4 

5.3 

5.25 

5.3 

5.3 

5.3 

5.35 

•5:2'- , 

5.3 seconds 


Temperature measured with thermometer near surface of board 
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3.4.4 — SCR Test — the SCR specification for the maximum forward current in the "OFF" state at 
200 volts is 0.5 ma. This leakage current at 30 volts could affect energy available to ignite a SBASI 
with 4 seconds delay. Therefore, in order to evaluate the forward leakage current as a function of 
voltage 19 SCR's were checked per Figure 9. The maximum forward current measured was eight 
microamps at 200 volts. At 30 volts the forward current was too small to be measured on any of the 
units checked. Results of this test indicate that forward leakage current of the SCR would not be a 
factor in the energy available to ignite a SBASI from the 600 iii capacitors at 5.5 sec storage time. 



25 Oct 74 

19 ea. SCR'S tested 200v = fwd voltage, » 25°C, 
15 ea. = fwd, off current less than 0.5 /uamp 


4 ea. fwd, off current greater than 1 .0 M amp 
1 = 4.5 m a 
1 = 5.0 m a 
1 = 3.0 M a 
1 = 8.0 M a 

FIGURE 9. - SCR FORWARD LEAKAGE TEST 


4.0 ENGINEERING UNIT DESIGN 


The circuit as shown in Figure 10 was packaged as an Engineering Test Unit and subjected to 
operational and environmental tests. 

4.1 Operation in Scout Vehicle 


EDIM circuit operation is as follows: (Ref. Figure 10) 

a. Power will be supplied to the unit on command of the guidance timer through a relay 
contact; probable time of power application would be during 3rd stage coast. (J1 Pin 5) 
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FIGURE 10. - CIRCUIT FOR ENGINEERING TEST 






b. Capacitors C3 — C7 (delay module power) and capacitors C8 and C9 (ignition power) 
receive current from the 3rd stage ignition battery to a maximum voltage of 30 volts limited by CR2 
and CR3. The latest time in mission profile which power can be applied to Jl-5 is determined by the 
charge time of C3 — C7 [approx. 4 x rc; 4 (250 x 1500 x 10-6) = 1.5 seconds] . 

c. Coincident with the voltage rise across C3 — C7 the output of the voltage regulator Z1 
will rise to the regulation voltage of «= 9 volts. 

d. Diodes CR4 and CR5 prevent discharge of the capacitors from one circuit to the other and 
discharge through a possible external short circuit after separation. 

e. Resistors R1 and R13 limit the input current surge and in conjunction with zener diodes 
CR2 and CR3 provide a voltage drop to limit voltage across storage capacitors to 30 volts maximum. 

f. Circuit Z1 is a precision voltage regulator so that a constant voltage can be maintained on 
the delay generator. Input of Z1 can vary from 30 volts to 12 volts with a constant 9 volts output. 
Regulation accuracy is 0.01% line and load (with 65 ma output). 

g. Resistors R6 and R8 form the voltage divider which controls the voltage regulator output 

voltage. 

h. C2 — provides a frequency compensation path to improve transient response of the 

regulator. 

i. RIO— provides temperature compensation for the voltage regulator. 

R9 — provides a current limit for a short circuit on the output. 

j. Q1 is a unijunction transistor which is the switch for the timing network R3, R4 and Cl . 
When Cl changes to the peak point voltage of Q1, at the peak point voltage Cl discharges emitter to 
Base-1 to provide gate current for CR1 the SCR firing switch. 

k. On separation of the Scout 4th stage from 3rd stage, a switch closure between 
J1 pins 2 and 3 will charge capacitor Cl through R3 and R4 to slightly above the unijunc- 
tion peak point voltage (== 4.5 volts) and then gate the SCR (CR 1 ) "ON”. 

(Note: J1-1 and -4 are to provide capability for remote start checkout from blockhouse.) 

The R3 and R4 resistance is selected so that the unijunction turn-on point is reached in four seconds, 
within the limits that can be selected in standard 1% resistors. 


4.2 Interface Description 

a. JT1 to 4, remote start capability to check out ignition time delay and a test point to 
measure regulator output voltage 

b. J1-2 to 3, separation switch start of ignition time delay 

c. Jl-5 to J2-2, input power from 3rd stage ignition battery or external power supply during 

checkout 

d. J1-6 to J2-2, safe arm relay connect to provide discharge of firing capacitor 
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e. Jl-7 to J2-2, firing voltage monitor 

f. J2-1 to J2-6, squib (SBASI bridgewire) 

g. J2-5 to J2-2, external measurement of squib resistance during checkout. 


4.3 Engineering Unit Test 


The circuit as shown in Figure 10 was constructed on a printed circuit board which is shown 
on Figure 1 1 . The completed module which was subjected to environmental testing is shown in 
Figure 12. 

4.3.1 — Test Conditions — test of the EDIM Engineering Unit consisted of the following; 

(1) Component Evaluation 

(2) Operational Test at Ambient Temperature 

(3) Operational Test Through 10 Temperature Cycles + 71°C to —17.8°C 

(4) Operational Test During 9 Random Vibration Cycles at 6.1G RMS ($2 ET* Levels) 
in each of three orthogonal axes 

(5) Operational Test During 1 Random Vibration Cycle at 9.2G RMS 
(Qualification Level) in each axis 

(6) Operational Test During 9 S2 ET* Level and Mechanical Shock 
Cycles at 50G's (Each axis) 

(7) Operational Test During one Qualification Level Mechanical Shock Cycle 
at 75G's (Each axis) 

(8) Operational Test During 1 Random Vibration Cycle at Qualification + 20% 

Level (11 RMS) 

(9) Operational Test During 1 Mechanical Shock Test at Qualification + 20% 

(90G's) 

(10) Post-Environmental Visual Inspection 

4.3.2 — Test Results — test results from the EDIM Engineering Unit are summarized in Table IV. 
Review of the data presented in Table IV showed the EDIM design to be capable of meeting Scout 
Flight requirements. The voltage regulator (Z1 — Figure 10) selected for use in the Engineering Unit 
exhibited a higher standby current than was anticipated, although the 3.3 ma measured standby 
current is within specification limit for this voltage regulator. Use of this regulator would require 
test screening based on a maximum standby current of 2.0 ma in order to assure a safe timing margin 
for a production unit. 


*Scout Standard Environmental Tests 
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FIGURE 11. - PRINTED CIRCUIT-ENGINEERING TEST UNIT 
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TABLE IV. - TEST RESULTS EDIM ENGINEERING UNIT - Continued 
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TABLE IV. - TEST RESULTS EDIM ENGINEERING UNIT - Concluded 
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Review of available voltage regulator components for use in EDIM application revealed a pin 
for pin replacement which would guarantee a standby current of less than 2.0 ma. The voltage regu- 
lator selected for use in the qualification EDIM unit is described in Appendix C. Use of this voltage 
regulator eliminates the need for R-10 since provision for temperature compensation is internal to the 
new voltage regulator. 

After completion of the operational and environmental test the EDIM was disassembled and a 
thorough visual examination was conducted. The visual examination revealed no evidence of any 
failure or discrepancies that had occurred as a result of the Engineering evaluation tests. 


5.0 RELIABILITY EVALUATION 


During and subsequent to the test of the Engineering Unit, a reliability evaluation was per- 
formed. (Reference Appendix D) This evaluation revealed possibilities for problems to develop, 
especially during production of the EDIM. As a result of the evaluation, changes were made to the 
EDIM circuit and controls added to the component procurement specification to alleviate the margi- 
nal conditions. A marginal condition is discussed in Appendix D whereby the possibility exists that 
the SCR cannot be gated with worst case components and environmental conditions occurring 
simultaneously. To prevent this occurrence, a parameter control was placed on the procurement 
specification of the SCR gate circuit to limit the maximum gate current needed to 15 ma (specification 
limit is 20 ma.). Also as recommended in the Reliability evaluation, the unijunction transistor type 
was changed to increase the gate drive margin. Another conclusion of the Reliability evaluation was 
that a marginal condition could exist on the amount of stored energy (energy stored by C3— C7) 
available for delay circuit operational worst case conditions. This potential problem was corrected 
by selection of another voltage regulator (Z1 ) which required less standby current. This problem 
was discussed in paragraph 4.3.2. A comprehensive quantitative analysis documented in the 
Reliability evaluation of energy required to ignite a SBASI showed the EDIM as designed would 
deliver more than two times the maximum energy required to fire a SBASI at worst case conditions. 

In order to achieve the level of component reliability necessary to assure Scout flight success, 
component selection criteria v^as placed on EDIM hardware. The component selection criteria is 
summarized in Table V. 


6.0 QUALIFICATION UNIT DESIGN 


Utilizing information generated during test of the Engineering Unit and the Reliability Evalua- 
tion, the circuit per Figure 13 was constructed for Qualification testing. Figure 14 shows the com- 
pleted Qualification EDIM which was subjected to Flight Qualification and SBASI compatibility test- 
ing. 
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TABLE V. - COMPONENT TEST/SCREENING 
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4th stg delay start 
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FIGURE 13. - EDIM CIRCUIT FOR QUALIFICATION TEST 
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FIGURE 14. - EDIM QUALIFICATION MODULE 



6.1 Qualification Test 


The EDIM was qualified for Scout flight application by successful execution of the functional 
requirements during and after exposure to the Scout Standard Design Qualification Environment. The 
EDIM test specimen was subjected to the following operational environments: 


a. High Temperature/Low Temperature (71°C/—17.8°C) . 

b. Temperature Shock 

c. High Temperature-Altitude (71 °C; Altitude = 0.148 mm of Hg) 

d. Vibration/Mechanical Shock (Vibration = 9.1G RMS Random; 

Shock = ± 75G's 6 millisec savvrtooth) 

e. Acceleration (33.5 G's) 

f. Environmental Cyclic Life (Scout Standard Environmental Test for 
vibration and shock for a total of 10 cycles) 

g. Electromagnetic Susceptibility Test (Requirements per MIL-STD-461A, 

Notice 2) 

h. Humidity (Non-operational test with relative humidity 95% at 49°C) 

6.2 Test Results 

Details and results of the Qualification testing listed above is shown in Appendix E. The 
EDIM functioned as designed without an operational failure during and after exposure to the environ- 
mental tests as delineated in Appendix E. The only corrective action indicated by the EDIM Qualifi- 
cation program was improper bonding of the silver filled epoxy paint. Review of the paint process 
specification indicated an incomplete call-out for the paint operation. Before SBASI compatibility 
testing at LRC the EDIM test specimen was repainted then endured temperature cycling during SBASI 
testing without paint failure. 


7.0 SBASI CQMPATIBILITY TEST 


In order to prove capability of the EDIM to meet the design requirement of SBASI ignition, 
forty-nine igniters were fired at LRC. Test variables during these tests were input voltage and tem- 
perature. The SBASI's used were Part Number SEB 26100001-211, manufactured in August 1969, 
lot number 13-31077. Table VI depicts SBASI serial numbers and the test conditions under which 
each was ignited. Table VII is a summary of the SBASI firing data. Igniter serial numbers 0562 and 
0514 were subjected to increasing input voltage, starting at 12 volts and increasing in two-volt steps 
until the igniter fired. The achieved ignition at 16 volts compares to the predicated analytical worst 
case value of 17 volts (reference Appendix D, addendum). 
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TABLE VI. - TEST SUMMARY SBASI FIRING 


SBASI 
Serial No 



0555 

0412 

0501 

0557 

0603 

0422 

0406 

0398 

0405 

0660 

0397 

0395 





Fired to collaborate analytical 
calculations 

3 SBAS's fired at amb. temp., 
30 volts input to EDIM 


5 SBASI's fired at amb. temp., 
35 volts input to EDIM 


5 SBAS's fired at hot temp., 
30 volts input to EDIM 


5 SBASI's fired at hot temp., 
35 volts input to EDIM 


10 Total SBASI's fired at 
this condition 
cold temp., 30 volts 
input to EDIM 


10 Total SBASI's fired at 
this condition 
cold temp., 35 volts 
input to EDIM 


5 SBASI's fired ac amb. temp., 
30 volts input to EDIM 
post test evaluation 
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TABLE VII. - ENVIRONMENTAL LAB FIRING SHEET 


Serial 

No. 

EDIM 

Input 

Voltage 

Firing 

Bridge 

Ohms 

Conditioning 

Temp 

°C 

Function 

Time 

Pressure 

MS 

Delay 

Time 

Sec. 

Squib 

Voltage 

Function 

Time 

BW Break MS 

0653 

30 

mm 

23.9 

.205 

3.728 

24.96 

.176 

0562 

16 

■ESI 

23.9 

.833 

2.447 

12.74 

.833 

0514 

16 

lEH 

23.9 

2.222 

2.443 

13.13 

2.31 

0546 

30 


23.9 

.196 

3.726 

23.96 

.162 

0643 

30 

.974 

23.9 

.219 

3.726 

24.57 

.167 

0493 

35 

1.033 

23.9 

.195 

3.735 

25.61 

.162 

0465 

35 

1.019 

23.9 

.186 

3.731 

25.61 

.186 

0490 

35 

.989 

23.9 

.176 

3.731 

25.61 

.162 

0428 

35 

.969 

23.9 

.195 

3.731 

25.48 

.167 

0538 

35 

.997 

23.9 

.190 

3.734 

25.87 

.152 

0501 

30 

1.001 

- 17.8 

.248 

3.703 

21.97 

.214 

0557 

30 

1.005 

- 17.8 

.248 

3.701 

22.1 

.219 

0603 

30 

1.019 

- 17.8 

.209 

3.701 

22.23 

.209 

0422 

30 

1.025 

- 17.8 

.228 

3.701 

21.97 

.205 

0406 

30 

1.076 

- 17.8 

.243 

3.702 

22.23 

.219 

0398 

30 

1.062 

- 17.8 

.233 

3.700 

21.97 

.214 

0405 

30 

1.067 

- 17.8 

.248 

3.702 

22.23 

.219 

0660 

30 

.984 

- 17.8 

.248 

3.700 

21.97 

.219 

0397 

30 

.985 

- 17.8 

.238 

3.701 

21.97 

.195 

0395 

30 

.985 

- 17.8 

.209 

3.706 

21.58 

.190 

0360 

35 

1.023 

- 17.8 

.238 

3.704 

22.49 

.214 

0463 

35 

1.012 

- 17.8 

.243 

3.702 

22.23 

.209 

0551 

35 

.990 

- 17.8 

.219 

3.704 

22.1 

.190 

0518 

35 

1.108 

- 17.8 

.248 

3.704 

22.62 

.228 

0536 

35 

1.008 

- 17.8 

.233 

3.705 

22.36 

.209 

0608 

35 

.982 

- 17.8 

.224 

3.705 

22.36 

.195 

0672 

35 

10.23 

- 17.8 

.224 

3.705 

22.49 

.205 

0695 

35 

.997 

- 17.8 

.228 

3.707 

22.1 

.205 

0425 

35 

1.025 

- 17.8 

.243 

3.707 

22.75 

.209 

0244 

35 

1.075 

- 17.8 

.224 

3.706 

23.01 

.200 

0471 

30 

.991 

71 

.200 

3.768 

26.65 

.152 

0519 

30 

.989 

71 

.190 

3.772 

26.65 

.152 

0655 

30 

1.007 

71 

.195 

3.767 

26.15 

.143 

0414 

30 

1.006 

71 

.205 

3.772 

26.65 

.162 

0693 

30 

1.040 

71 

.205 

3.769 

26.65 

.150 

0451 

35 

1.035 

71 

.214 

3.776 

27.95 

.157 

0675 

35 

1.038 

71 

.200 

3.776 

27.43 

.148 

0610 

35 

1.049 

71 

.214 

3.765 

27.67 

.162 

0555 

35 

1.014 

71 

.209 

3.774 

27.69 

.143 

0412 

35 

.996 

71 

.224 

3.777 

27.69 

.143 

0590 

30 

1.029 

23.9 

.200 

3.730 

25.48 

.162 

0520 

30 

1.041 

23.9 

.186 

3.728 

25.22 

.143 

0396 

30 

1.064 

23.9 

.205 

3.728 

25.22 

.167 

0566 

30 

1.038 

23.9 

.190 

3.733 

25.35 

.152 

0692 

30 

1,032 

- - 1 

23.9 

.195 

3.728 

25.09 

.162 
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It should be noted that ignition was achieved at the lowest voltage level that would gate the 
SCR "ON", which indicated the 16 volts level is an SCR gate drive requirement and not necessarily an 
indication of SBASI minimum firing energy. Initiator Serial Nos. 0244, 0693, 0451^ 0675, 0610, 0555, 
0412, 0590, 0520, 0396, 0566 and 0692 (12 total) were subjected to a firing cycle with the safe-arm 
switch closed before firing at the listed input voltage. This verified that the initiators would not fire 
during checkout of the EDIM with the safe-arm relay closed. With the safe-arm relay closed, a 2.8 
volt/600 juf pulse of energy is discharged into the initiator. From the data shown in Table VII it is 
noted that Bridgewi re break function time (time from current application to bridgewire break) is 
shorter than pressure function time (time from current application to first indication of pressure) 
except the two initiators fired at minimum voltage (0562 and 0514). The shorter bridgewire break 
time is an indication that melting the bridgewire was caused by the level of current applied rather 
than burning propellant. This is another indication of energy margin for firing SBASI. 

Results of these tests prove capability to meet design requirements of SBASI ignition at worst 
case environmental conditions. 


8.0 SCOUT INTEGRATION 


8.1 Existing System 

A representation of one of the redundant pair of existing Scout 4th Stage Ignition Systems is 
shown in Figure 15. The chronological sequence of ignition for one system of the redundant pair is 
as follows; 

1. 2nd Stage Ignition, K3 closes 

2. Heatshield Separation, K15 closes 

3. 3rd Stage Ignition, K5 closes 

4. 3rd Stage Burn and Coast Phase (=» 300 sec) 

5. Spin Motor and 4th Stage Delay (5.5 to 7.2 sec), K9 closes 

6. 4th Stage Cable is disconnected during spin up 

7. Explosive Bolts; 3rd, 4th stage separation clamps; K7 closes 
(1.5 sec delay from spin motor ignition) 

8. 4th Stage Motor Ignition (5.5 to 7.2 sec. delayed from Step 5 above) 

Note should be taken of the shaped charge shown in the ignition diagram of the existing Scout 
system. This shaped charge is part of the destruct system which is designed to remove ignition power 
from unused initiators in the event that the vehicle must be destroyed. The Range Safety destruct re- 
quirement effectively directs the time in the ignition sequence that power can be applied to the EDIM 
since after the firing capacitors are charged, the shaped charge will not remove initiator power. Figure 
16 shows the delay initiator presently used for Scout 4th stage ignition. Weight of the existing unit is 
approximately 90.7 gram (0.2 pound) not including connectors and associated cabling. Delay time at 
23.88°C ± 2.77°C (75°F ± 5°F) varies from 5.5 seconds to 7.2 seconds. Maximum operational temper- 
ature range is -^4.44°C to -h 37.77°C (40°F to 100°F) with no specified delay accuracy at these limits. 
The initiator used to start the delay train is similar to the SBASI in that it is a "one amp-one watt no 
fire device" with one ohm bridgewires. It differs from a SBASI by being a dual bridgewire device with 
less stringent specifications (i.e. Bridgewire resistance = 1.0— 1.8 ohms, SBASI = 1.05 ± 0.1 ohms). 


31 



Q) 



G 


32 


FIGURE 15. - EXISTING SCOUT 4TH STAGE IGNITION SYSTEM 1 





Shorting plug 



8.2 EDIM System 

TheEDIM (Figure 14) weighs 237 grams (8.359 ounces). It is estimated that implementation of 
the EDIM system will increase 4th stage weight approximately 544 grams (1.2 pounds) for a totally 
redundant system. Proposed vehicle mounting of the EDIM is on the Upper "D" Section with standoff 
pads to eliminate the need for fitting the curvature of the conical section. The EDIM system is more 
complex from a component count standpoint, but the test and checkout capability inherent with the 
system enhances the reliability (Reference Appendix D, paragraph 5.0). 

8.3 Vehicle Integration 

8.3.1. — Lower "D" Interface — one method of integrating the EDIM into vehicle wiring is to interface 
the Ground Support Equipment (GSE) through the Lower "D" Section. Figure 17 depicts the wiring 
changes necessary to implement the EDIM. The relay (K16) shown added to the Power Control Relay 
Box (PCRB) could be added to the vehicle at any place and is shown in the PCRB for convenience 
only. Relay K16 is necessary since spare isolated contacts do not exist in the guidance system. One 
disadvantage to the EDIM checkout being through the Lower "D" Section is an umbilical connector 
would have to be added. Although sufficient spare pins are available in the existing Lower "D" umbil- 
ical connector, use of these pins would violate range safety guidelines by intermixing ignition wiring 
with other vehicle wiring. 
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8.3.2. — 4th Stage Interface — a second method of integrating the EDIM into the Scout vehicle is to 
interface the GSE through the 4th stage module umbilical connector. As can be seen from Figure 18, 
the vehicle wiring modifications are very similar with either alternative. The existing payload umbili- 
cal connector has enough unused pins to accommodate a redundant pair of EDI M's. However, all 
Scout missions do not require a 4th stage module; therefore, an option would have to be provided so 
that an umbilical connector is always available. This vehicle modification would consist of a mounting 
bracket, connector and associated wiring for the case where 4th stage payload ring (umbilical connec- 
tor mounting) is not used. 


8.4 Vehicle Checkout 

8.4.1 — Method — the EDIM can be functionally tested on the vehicle by use of the remote start and 
monitor points provided in the design. Operationally the following measurements will be made at the 
vehicle level checkout: 

1 . Delay Time — Use an electronic counter with time interval measurement capability. Start 
counter with remote start switch and stop the counter with current pulses across simulated squib 
(one ohm resistor). 

2. Length of Time Voltage Regulator (Z1) (Figure 11) will maintain regulation after power 
removal. Monitor J1-4, J2-2 (Figure 11) with digital voltmeter, then remove power to EDIM, measure 
with a stop watch the time to loss of regulation (LOR). The LOR measurement verifies that the power 
storage capacitors, Z1 (voltage regulator), zener diode (CR3), diode (CR5) and associated resistors are 
in the same condition as during component level test. 

3. Firing capacitor charge voltage — Monitor J1-1, J2-2 with high impedance (10 megohms) 
digital voltmeter to verify proper voltage level and after input power removal to verify leakage rate 
of firing capacitors. 

4. Firing Energy can further be verified by connecting an oscilloscope across the dummy load 
( 1 ohm) and obtaining a photograph of the voltage during capacitor discharge. Comparison of this 
voltage trace at 100 microsecond and 2 millisecond with the component level test data will verify 
proper energy transfer for ignition. 

8.4.2 — Ground Support Equipment (GSE) — with either of the vehicle modifications (Reference 
Paragraphs 8.3.1 and 8.3.2), launch pad to blockhouse wiring (Cables, J-box and connectors) will 
have to be provided. No special test equipment other than a test panel such as shown in Figure 19 
will be needed. Checkout equipment needed for the EDIM is; (a) Power Supply 0-35 volt, (b) 
Oscilloscope, (c) Oscilloscope Camera, (d) Digital Voltmeter ( > 10 megohm input impedance), (e) 
Stop Watch, (f) Test Panel (Figure 19). 
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FIGURE 19. - EDIM TEST PANEL 





9.0 CONCLUSIONS 


The EDI M has been fully qualified by analysis and test for Scout flight application. Exhaustive 
testing as documented in Appendix E and Reliability analyses documented in Appendix D showed the 
EDIM to be adequately designed. Analysis showed the worst case SBASI ignition requirements to be 
exceeded by more than 2 to 1 (i. e., 157% safety factor). Forty-five SBASI's were successfully ignited 
at voltage and temperature extremes during tests at LRC substantiating the EDI M's SBASI ignition 
capability. The EDIM reliability prediction contained in Appendix D indicates a mission reliability 
value greater than 0.9999. This value is'a quantitative estimate of the probability that no catastrophic 
piece-part failure will occur during the EDIM mission function period. To assure achievement of the 
predicted high reliability during production, piece-part selection/screening criteria were included in 
the EDIM drawings. As a result of the increased checkout capability and separation of the 4th stage 
ignition wiring from the spin motor ignition wiring, a fourth stage weight penalty will be incurred. 

The fourth stage weight increase incurred by implementing the EDIM will not exceed 544 grams 
(1.2 pounds) for a totally redundant system. As part of the qualification test program, the EDIM 
successfully passed an electromagnetic interference (EMI) test which exceeded Scout requirements. 
Based on the test results, GSE and vehicle integration impact, the EDIM is suitable for use in the 
Scout vehicle. 
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i. SILICON CONTROLLED RECTIFIER (SCR) TO BE DESIGNED FOR POWER SWITCHING CIRCUITS. 


II. ELECTRICAL CHARACTERISTICS; 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNITS 

INSTANTANEOUS FORWARD BREAKOVER VOLTAGE; 
GATE OPEN 
ATTc = +100°C 

vF(BO)0 

250 



V 

PEAK OFF-STATE CURRENT: 
(GATE OPEN, Tc = +100°C) 
FORWARD, VdO = VdrOM 

•dom 


0.1 

■ 

mA 

REVERSE (REPETITIVE), Vrq = Vrrqm 

'rrom 

- 

0.05 

0.5 

mA 

INSTANTANEOUS ON-STATE VOLTAGE: 
FOR i-j- = 30 A AND Tq = -h25°C 

VT 

— 

1.9 

2.6 

V 

DC GATE TRIGGER CURRENT 
Vd = 12V (DC) 

RL = 30J2 
Tc = +25°C 

'GT 


6 

15 

1 

mA 

DC GATE TRIGGER VOLTAGE; 
Vd = 12V (DC) 

R|_ = 30S2 
Tc = +25°C 

vqt 


0.65 

1.5 

V 

INSTANTANEOUS HOLDING CURRENT; 
GATE OPEN AND Tq = -i-25°C 

'HO 



g 

20 

mA 

CRITICAL RATE-OF-RISE OF OFF-STAGE VOLTAGE: 

'^DO " '^F(B0)0 VALUE 

EXPONENTIAL RISE, Tq = +100°C 

dv/dt 

20 

200 


V/Ms 

GATE CONTROLLED TURN-ON TIME; 
Vd = Vp(BO)0 VALUE, ij = 4.5A 
Iqj = 200 mA, 0.1 MS RISE TIME 
Tq = +25°C 


- 

1.5 

- 

■ 

CIRCUIT COMMUTATED TURN-OFF TIME: 
Vd = Vp(bo)0 min. VALUE, ij = 2A 
PULSE DURATION = 50 ms 
dv/dt = — 20V/MS, di/dt = —30 A/ms 
Iqj = 200 mA AT TURN ON, Tq = -t-75°C 


- 

15 

50 

MS 
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III. DIMENSIONAL OUTLINE: 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

.160 

.180 

4.06 

4.57 


0b 

.017 

.021 

.432 

.533 

2 

0D 

.355 

.366 

9.017 

9.296 


0Di 

.323 

.335 

8.204 

8.51 


e 

.190 

2.10 

4.83 

5.33 


ei 

.100 TRUE POSITION 

2.54 TRUE POSITION 

4,5 

h 

.015 

.035 

.381 

.889 


i 

.028 

,035 

.711 

.889 

5 

k 

.029 

.045 

.737 

1.14 

3.5 

L 

.985 

1.015 

25.02 

25.78 

2 

P 

.100 


2.54 


1 

Q 





6 

r 


.007 


.179 


a 

O 

CN 

O 

00 



5,7 


NOTES: 

1. THIS ZONE IS CONTROLLED FOR AUTOMATIC HANDLING. THE VARIATION IN ACTUAL 
DIAMETER WITHIN THE ZONE SHALL NOT EXCEED .012 IN. (.279 MM). 

2. (THREE LOADS) 0b APPLIES BETWEEN SEATING PLANE AND 1.015 IN. (25.78 MM). 

3. MEASURED FROM MAXIMUM DIAMETER OF THE ACTUAL DEVICE. 

4. LEADS HAVING MAXIMUM DIAMETER .021 IN. (.533 MM) MEASURED AT THE SEATING 
PLANE OF THE DEVICE SHALL BE WITHIN .007 IN. (.178 MM) OF THEIR TRUE POSITIONS 
RELATIVE TO THE MAXIMUM WIDTH TAB. 

5. THE DEVICE MAY BE MEASURED BY DIRECT METHODS OR BY THE GAGE AND GAGING 
PROCEDURE DESCRIBED ON GAGE DRAWING GS-1 OF JEDEC PUBLICATION 12E, MAY 1964. 

6. DETAILS OF OUTLINE IN THIS ZONE OPTIONAL. 

7. TAB CENTERLINE. 

‘CASE TEMPERATURE MEASUREMENT 

THE SPECIFIED TEMPERATURE-REFERENCE POINT SHOULD BE USED WHEN MAKING 
TEMPERATURE MEASUREMENTS. A LOW-MASS TEMPERATURE PROBE OR THE 
THERMOCOUPLE HAVING WIRE NO LARGER THAN AWG NO. 26 SHOULD BE ATTACHED 
AT THE TEMPERATURE REFERENCE POINT. 
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723 VOLTAGE REGULATOR 
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723 


Electrical characteristics (See Note) 


Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

Line regula- 
tion 

V|n= 12V toV|M = 15V 


0.01 

0.1 

% Vqlij 

V||^ = 12V toV|N = 40V 


0.02 

0.2 

% Vqut 

-55°C < < +125°C, V||vj = 12V to 

V|n=15V 



0.3 

% Vqut 

Load regula- 
tion 

1 1 _ = 1 mA to 1 [_ = 50 mA 


0.03 

0.15 

% Vquj 

-55°C < T^ < +1 25°C, 1 1 _ = 1 mA to 
1 1_ = 50 mA 



0.6 

% Vquj 

Ripple 

rejection 

f = 50 Hz to 10 kHz 


74 


dB 

f = 50 Hz to 10 kHz, Cp^p = 5 pF 


0.6 


dB 

Average Tem- 
perature 
Coefficient 
of output 
voltage 

-55°C < T;^ < -M25°C 


0.002 

0.015 

%/°C 

Short circuit 
current limit 

Rsc= 10 n, Vq(jj = 0 


65 


mA 

Reference 

voltage 

' 

6.95 

7.15 

7.35 

V 

Output 
noise voltage 

BW = 100 Hz to 10 kHz, Cppp = 0 


20 


^^rms 

BW = 100 Hz to 10 kHz, Cppp = 5 pf 


2.5 


^^rms 

Long term 
stability 



0.1 


%/1000 hrs 

Standby cur- 
rent drain 

Il = 0,V|m = 30V 


2.3 

3.5 

mA 

Input voltage 
range 


9.5 


40 

V 

Output voltage 
range 


2.0 


37 

V 

Input/output 

voltage 

differential 


3.0 


38 

V 


Note: 

Unless otherwise specified, = 25°C, V|jyj = V + = Vq = 12 V, V— = 0, Vqjjj = 5.0 V, I[_ = 1.0 mA, 
Rsc = 0, Cl = pF, Cpgp = 0 and divider impedance as seen by error amplifier < 10K connected. 

Line and load regulation specifications are given for the condition of constant chip temperature. 
Temperature drifts must be taken into account separately for high dissipation conditions. 
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Electrical Characteristics (Continued) 



1. Current Sense 

2. Inverting Input 

3. IMoninverting Input 

4-VreF 

5. V- 
'^OUT 

8. V+ 

9. Frequency Compensation 

10. Current Limit 




Inches 

Millimeters 

Dim 

Min 

Typ Max 

Min 

Typ 

Max 

A 

0.335 

0.370 

8.51 


9.40 

B 

0.305 

0.335 

7.75 


8.51 

C 

0.165 

0.185 

4.19 


4.70 

D 

0.500 


12.70 



E 


0.040 



1.02 

F 

0.016 

0.019 

0.41 


0.48 

G 


0.230 


5.84 


H 


0.115 


2.92 


1 

0.028 

0.034 

0.71 


0.86 

J 

0.029 

0.045 

0.74 


1.14 

K 


0.040 



1.02 
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(T^ = 25°C unless otherwise specified) (Notes 1 and 2) 
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1) Unless otherwise specified, = 25°C, V||vj = V+ = = 12V, V- = OV, Vqut = 5V, l|_ = 1 mA, Rsc = 0, = 100 pF, and 

divider impedance as seen by error amplifier ~ 2k when connected as shown in Figure 1. 

2) The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into 
account separately when the unit is operating under conditions of high or varying dissipation. 
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1) Unless otherwise specified, T^ = 25°C, V||vj = V+ = Vq= 12V, V- = )V, Vqut " ^V, l|_ = 1 rnA, Rsq = 0, Ci = 100 pF, and 
divider impedance as seen by error amplifier = 2k when connected as shown in Figure 1 . 

2) The load and line regulation specifications are for constant junction temperature. Temperatur^ drift effects must be taken into 
account separately when the unit is operating under conditions of high or varying dissipation. 
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550 Voltage Regulator 

(T^ = 25°C unless otherwise specified) (Continued) 




02 

sO 

03 

IQ 


o 


o 


1 . Current Sense 

2. Inverting Input 

3. Noninverting Input 


4. V 


REF 


5. V- 


OUT 


6. V 

7. V, 

8. V+ 

9. Frequency Compensation 

10. Current Limit 



Current 

limit 


Current 

sense 


Inverting 

input 

Noninverting 

input 


Notes 

Leads are gold plated kovar 
package weight is 1.32 grams 
high thermal resistance package 
nine leads through, lead no. 5 
is connected to case 



Frequency 

compensation 


OUT 



Inches 

Millimeters 

Dim 

Min 

Typ Max 

Min 

Typ 

Max 

A 

0.335 

0.370 

8.51 


9.40 

B 

0.305 

0.335 

7.75 


8.51 

C 

0.165 

0.185 

4.19 


4.70 

D 

0.500 


12.70 



E 


0.040 



1.02 

F 

0.016 

0.019 

0.41 


0.48 

G 


0.230 


5.84 


H 


0.115 


2.92 


1 

0.028 

0.034 

0.71 


0.86 

J 

0.029 

0.045 

0.74 


1.14 

K 


0.040 



1.02 
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Report Ho. 2-5'*232/5R-23013 

BE»ge: 1 


SUMMARY 

The reliability evaluatibon revealed that the Electronic Delay 
Ignition Module (EDIM) has a predicted potential reliability performance 
capability equal oe superior to the existing pyrotechnic type delay 
unit. To achieve this potential the circuit design will require some 
changes due to severs^, problem areas Identified at worst case circuit/ 
enrlronaentcd. conditions. Except for the problem areas Identified, the 
functional design mso-gln achieved was consistent with good reliability 
practices and component stress values Imposed hy the design were within 
specification limits. The functional checkout capability of the design 
is deemed to be a strong design advantage over the presently used pyro- 
technic type (Model SD6 qa 1) squib delay unit. 




D-3 



Appendix D 


Report No. 2-54232/5R-23013 
Ifege: ii 


TABIE OF CONTENTS 

PAGE 

1.0 mraciDucTicw i 

2.0 ELEJCTRONIC DELAY IGUmCW MODULE DESCRIPTION 1>3 

2.1 Physical Description 3 

2.2 Functional Description 3 

3.0 ANALYSES 5 

3.1 Functional Analyses 6 

3.1.1 Firing Circuit Analysis 6 

3^1.2 Timing and SCR Trigger Circuit Analyses 1^ 

3. 1.2.1 Timing Circuit Analysis 1^ 

3. 1.2. 2 SCR Trigger Circuit Analysis 21 

3.1.3 Energy Budget Analysis 23 

3.2 Component Analysis 28 

3.2.1 Component Descriptions 28 

3.2.2 Component Stress Analyses 30 

3.2.2. 1 Resistor Stress Levels 30 

3. 2. 2. 2 Capacitor Stress Levels 32 

3*2. 2. 3 Semiconductor Stress Levels 32 

3«3 Failure Mode, Effects and Criticality Analysis 35 

4.0 TESTDK} 47 

5.0 ELECTRONIC DELAY IGNITIOH MODULE RELIABILITY PREDICTION ^9 

6.0 CONCLUSIONS AND RBCCMMENDATIONS 51 

references 54 


D-4 



Appendix D 


Report No. 2-5Jt232/5R-23013 
P&ge 1 


1.0 UTERCDUCTION 

A reliability evaluation of the Scout Fourth Stage Electronic Delay 
Ignition Module (EDIM) vas performed in accordance with the requirements oS 
paragraph 2.3 of the EDIM statement of work and satisfies the Reliability 
Engineering provisions of Section 3 of the Reliability Program Plan for 
Scout Program Support (iffV Report No. 23.203H, 1 November 1973). 

This reliability evaluation applies to the EDIM Engineering Unit 
design as it exists at this time. The reliability evaluation will be 
updated to reflect any design changes \dilch result from the Design Review, 
Engineering Model/Quallflcatlon Tests and this reliability evaluation. 

The primary objective of this evaluation was to define and examine 
critical design elements then evaluate these for their impact on system 
reliability. Reliability impact was assessed in terms of a criticality 
rating for failure modes and in terms of a safety factor or design margin 
valuation for critical functional design parameters. In addition, a numerical 
reliability prediction and a piecepart component stress analysis were also 
performed. The reliability prediction was performed in order that a relia- 
bility comparison could be made between the EDIM and the existing pyro- 
technic type delay ignition system. The piecepart stress analysis was 
performed in order to determine the worst case electrical and/or thermal 
stresses imposed on the components by the EDIM functional operation and 
environment. The resulting stress values were evaluated for their impact 
on reliability. 

The results of the evaluation were reviewed and recommendations for 
corrective action were made based on these results. 
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Report No. 8- 54232/.5R-23013 
Page 2 


The results of the failure mode analysis ore presented in Table 3«3-I 
herein. These results include identification of the ED3M single failure 
modes (to the piecepart component level) and the corresponding effects. 

Bach of the EDIM single failure modes was assessed a criticality value 
during the analysis. The criticality values obtained define the relative 
criticality ranking of the failure modes. The higher the assessed criticality 
ranking, the greater the probability of occurrence of the failure and/or 
mission impact in the event of its occurrence. The criticality ranking 
presented is useful in identifying priorities for apportioning any future 
reliability improvement effort. In addition, the failure mode and effects 
analysis is also useful in assessing the importance of testing techniques 
so as to assure that the higher criticality areas receive proportional 
emjdiasis during testing procedures. 

The results of the functional analysis^ presented in Section 3.1 
herein^ indicate the design margins /safety factors inherent to the circuit 
design for each of the critical circuit functions required to generate the 
ignition event. Any functional deficiency is also reflected in these results. 

The results of the Component Stress Analysis are presented in 
Section 3.2.2. These results indicate the levels of electrical and/or 
thermal stress imposed nn the EDIM components for the worst case combi- 
nation of fxmctional demands, environmental requirements and component 
parameter values. 

Section 4.0 presents a brief summary and discussion of functional 
a nd environmental testing of the EDIM. The role of this testing in 
assuring reliable EDIM performance is examined. 
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PBge 3 

2.0 ELEXrrRQNIC DEIAY IGNITION MODULE DESCRIPTION 

This section presents a brief physical and functional description 
of the ED3M. 

2.1 Physical Description 

The 4th £ttage EDIH is depicted in detail in the parellnilnary 
assembly drawing 23-00434-9. The unit measures 4.5 Inches by 3.5 Inches 
at the baseplate. Total assembly height is 1.6 inches and the weight is 
approximately 0.6 pounds. Two connectors provide all of the required 
electrical interface functions for the EDIM. 

Internally the unit contains one Printed Circuit Board (PCB) mo\mted 
on four supports. All of the electronic components are mounted on this PCB. 

The PCB is conformally coated with Type 1B15 conformal coating per 308-9-22, 

Type II, Class B. 

2.2 Functiooal Description 

The scout Fourth Stage Electronic Delay Ignition Module provides the 
delayed ignition function for the Scout fourth stage motor. The HDIM 
provides this function by means of Single Bridgewire Apollo £(tandard Initiator 
(SBASI) activation after an electronically timed delay of 3.0'- seconds ' 

(minimum) from the thlr d/fourth stage separatiom event. The SBASI initiation 
is provided by means of capacitive discharge from the EDIM at the eh d Of the 
timed delay. 

A schematic of the EDIM is presented by Figure 2.2-1. power is pro- 
vided to the EDIM by the Ignltion/Destruct Battery, jt is envisioned that 
Battery Power will be applied to the system by means of a Power Control Relay 
Bck (PCRB) relay closure and then removed at the time of third-fourth stage spln- 
up event by separation of the "mouse trap" connection. 
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After battery power Is removed from the EDIM the unit completes its function 
using energy stored in capacitors C3 throu^ C7. These capacitors provide 
the energy required for the circuitry to complete the delay and ignition 
functions. 13ie third/fourth stage separation event closes a switch resulting 
in pins 2 and 3 of connector J1 to become electrically common. This condition 
causes timing capacitor Cl to begin charging by means of the current through 
“timing resistors R3^BSd~Rif^ The charging voltage is 9 TO volts regulated by 
the Integrated circuit element Zl. Minimum delay time from the separation 
event until SBASI Initiation is 3*0 seconds. The delay time is determined by 
the value of the RC time constant of the timing circiiit and the peak point 
voltage (Vp) of the Ohijunetlon TSansistcr (UJT) designated as Ql. When the 
voltage at Cl reaches the value Ql turns on and conducts the energy 

stored in Cl to the gate of SCR (CRl). This action transfers the SCR into 
the "latched" or "cmduction" state. In the conducting state CRl transfers 
the stored energy in firing capacitors C8 and C9 into the SBASI squib 
thereby affecting SBASI initiation and ignition of the 4th stage motor. 

The battery voltage provided to the HID* by the Ignition/pestruct 
Battery exceeds 30 volts aad open circuit voltage is approximately 35 volts. The 
EDIM is designed to operate under the full range of battery voltage conditions. 

The circuit includes zener diodes CR2 and CR3 which limit charging voltage at 
the capacitors C3 to C9 to a nominal value of 30 volts. 

3.0 ANALYSIS 

This section presents the EDIM Functional Analysis and Component Stress 
Analysis. The degree of design margin is assessed and problem areas are iden- 
tified. T3\e impact of the design margins and/or problem- areas is given. 
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3,1 Functional AnaXvsis 

3*1»1 Firing Circuit Analysis 

The purpose of this section is to present the results of a functional 
analysis of the firing circuit under worst case conditions. The worst case 
conditions imposed Include the minimum temperature and worst case extremes 
for critical component parameters. The analysis was performed to determine 
if adequate firing circuit performance is achieved under these conditions. 

Figure 3*1«1-1 is a schematic diagram of the EDIM firing circuit. This 
circuit performs the SBASI function at the end of a 4.5 second period from the time 
of battery disconnect. This includes a 1.5 second spin-up time and a 3*0 second 
(minimum) time delay after the 3rd/4th stage separation event. Worst case values for 
the critical conponent parameters are noted in the figure. 

Firing capacitors C8 and C9 provide a combined nominal capacitance 
of 600 microfarads for firing charge storage. The firing capacitance may 
reach a minimum of 366 microfarads at 0°P (-17.8°C). The value of 366 micro- 
farads was obtained from vendor data sheets using linear Interpolation to 
-17.8°C. Minimum battery voltage to the circuit is 30 volts and the firing 
capacitors are maintained at 28.3 volts minimum (due to CR4 and R1 voltage 
drops) for as long as battery power is applied. The firing capacitors must 
maintain adegimte SBASI firing energy after the battery is disconnected, at 
spin-up, until timed delay has expired. At the end of the electronically timed 
delay the SCB is triggered into the conduction state allowing the stored 
firing energy in C8 and C9 to be transferred to the SBASI bridgewlre (BW) 
thereby causing the SBASI to actuate* Resistor R1 and zener CR2 
limit maximum capacitor voltage to 30V for those times when maximum Ignition/ 
Destruct Battery voltage is applied. The battery voltage is 35 volts (maximum) 
at full charge open circuit conditions. Figure 3. 1.1-1 resistors R^ and Rg 
represent the lumped conductor loop resistance and squib resistance respectively. 
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A brief evaluation of the firing circuit parameters obtained from the 
ccaaponent data sheets at the temperature extremes to be imposed revealed 
that worst case SBASl firing conditions occur at the minimum temperature 
(0°F). Uie minimum temperature condition will be imposed during environ- 
mental testing even though actual launch temperatures will not be less than 
the launch constraint veilues (approximately 20°F) at launch and should 
increase by an estimated 20°F by the time of fourth stage ignition. 

The EDIM firing circuit design was evaluated in the worst case 
temperature state using the worst case values for component parameters. 

The evaluation was performed to determine if adequate design margin for 
reliable firing of SBASl' s has been achieved. As a result of the evaluation 
it was determined that the design margin achieved was Indeed sufficient to Justi- 
fy high confidence in the circuit function. A safety factor was calculated 
to evaluate numerically the amount of design margin achieved. The safety 
factor calculated employed the equation: 

V - ^ - ^ 

where: Ey = Energy available for heating the SBASl bridgewire 

during firing capacitor discharge 

= Characteristic SBASl firing energy required for 
the SBASl bridgewire to reach the Initiation 
temperature. 

The analysis results given in this section were obtained by modeling 
the SBASl as in Reference 2. This reference derives a mathematical model 
using an electro-thermal analogy of the squib \*ich permits definition of 
bridgewire temperature as a function of power delivered. In the case of 
capacitive discharge ignition, the following expression for instantaneous 
bridgewire temperature holds. 

d = l2 R - e'2^/^*-) 

o ® 2rc-RC 
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where : 0 = instantaneous bridgewlre temperature 
Iq = initial hridgewire current (@ t = 0) 

R„ = 'hridgewire resistance 

D 

RC = firing circuit electrical time constant 
rc = squib thermal time constant 
t = elapsed time after SCR firing 

Differentiating this expression and letting. dO/dt = 0 the time at 


whlcb~maxlmum possl'hl^^idgewlre temperature occurs can be obtained. This 


time, referred to herein as t(mELx), is the time beyond which the squib will never 
fire, because it has passed the point of maximum temperature and is cooling 
off. The expression for t(max) is as follows. 

= (5i§)°^(i/rc) (Reference 2) 

Instantaneous bridgewlre power delivered by the EDIM capacitive 


discharge firing circuit can be expressed as: 


Pi « 43 (Kff.) 



-2t/RC . 

^ ; Instantaneous Bridgewlre Power 

-2tAlC 

Rg (Eff) g 


^ere: 


■Vq = Voltage on Firing Capacitors at t = if.O (Used herein) 
Vj = SCR Forward Voltage Drop In Conduction State 
R^ = Total Resistance of Firing Circuit Squib & Conductor 
Rg (Eff) = Effective Resistance of Squib (See Reference 3) 
t = Elapsed Time After SCR Triggered "ON" 

RC = Firing Circuit Electrical Time Constant (R^C) 


The value of Rg (Eff.) used in the analysis was 1.3 Rq 


(see Reference 3) where R^ is the maximum cold resistance of the 'bridgewlre. 
TMs value of effective hridgewire reslstemce accounts for the thermally 


induced increase in bridgewlre resistance. 
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Integration of the Instantaneous bridgewire power from t = 0 to 
t = t (max) gives an expression for the total energy available to 
increase bridgewire temperature. All energy delivered after t(max) is 
delivered at such a slow rate that the dissipation rate exceeds the input 
rate and the bridgewire cools. Therefore, the available squib initiation 
energy (E^) is given by: 

= I 'Vq -Vj j2 Rg (eff.) j (max.)/RC _-| j 

Vq can be found by adjustment of the initial capacitor voltage value 
(Vj = 28.3) for the voltage decrease due to leakage current through CRl (in 
"off" state) and CR2. 

Vq = 3 OV - V (CR4) - IsbB(RI) - AV; = BBIM Bteuadby Current to Z1 
Vq = 28.3 - 4 V; A V = Voltage change due to leakage current 

(Initial Capacitor Charge) = 28.3 (3^6 x 10'^) = 10.3^ millicoulombs (me) 

II = Ij, (CRl) + Ij, (CR2); leakage current 
= 8yna + l^a 

= 9 /'B. 

Q = (9 ^a)(5-5 seconds) 
s .0^ millicoulombs 

V = — H ^ ^ = 0.1366 volts 

^ 366 X 10 

Vq = 28.3 - 0.1366 

= 28.16V 

rc = 3.14 ms (3(T minimum) Reference 1 
Rj = Rg (Eff.) + Rj, 

= Rg (Eff.) = 1.3 Rs (Effective Bridgewire Resistance Due to Thermal 

Effects, Reference 3) 

Rij, = 1.3 (1.15) + 0.25 

= 1.745 Si. 
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r = (1.745) (366 X 10"^) 

= 0.6387 ms 

t(max) = In (2 X 3a4 x 1Q-3/Q.6387 x 10~3) ^ 111(9.8325) ^ 2.28569 

(2/0.6387 X 10-3)- (1/3.U X 10-3) 3131 - 318. 5 ^B13 

= 0.813 ms 

1,1.95 

= (^4.74)(1.495)(-3.1934 x 10‘^)(^ -2.5458 _ 

=-0.1073 (.0784 - 1) = 0.1073 (.9216) 

= 0.09889 = 98.89 millljoules 
examination of the expression for revesas the following: 

a) 107.3 millljoules Is total discharged energy at t = oo 

b) 0.9216 Is the Aractlon of dlscheorgeable energy available for Ignition 
dvtrlng t(nax) 

' c) .0784 Is the fraction of dischargeable energy left In firing capacitors 

at t(nax). 

During the time t(max) some of the energy delivered to the bridgevlre 
Is dissipated as heat losses away from the bridgevlre. Olie fraction repre- 
senting heat losses is appraxlmately : (1 - See Reference 2. 

At t . t(««) , u - e . 1 - g-813/3.11. . 1 g -0.25892 

= 1 - 0.77188 

Heat Fraction loss = 0.22812 
Summarizing the distribution of total energy: 

a) (2 ~jQ = 0.77188 - 0,07838 = 0.6935 Fraction Heating B.W. 

b) 1 - g = 1.0 - 0.77188 = 0.2281 Heat loss Fraction 

c) “ 0.0784 Fraction Left In Capacitor 

T7o555 


^-(2 X .813 X 10‘3/.6387 ^ 
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0.6935 (107.3 mj) = 74.41 mj = Energy Used in Heating BW (Em) 

0.0784 (107.3 nij) = 8.4l mj = Energy Left in Capacitor 
0.2281 (107.3 mJ) = 24.48 mj.= Heat Loss at t(max) 

74.41 + 24.48 = 98.89 Total Energy Delivered to BW at t(max). 

Reference 3 gives 34.2 mj as the energy required to fire a SBASI. 

This quantity represents the total energy delivered at the initiation time 

of .070 milliseconds (ms). Calculations similar to those above indicate 

conservatively that at .070 ms the heat loss factor for the Reference 3 SBASI 

is 0.0102. This meauis that 1.35 mj was dissipated as heat losses. Therefore 

the characteristic SBASI firing energy (Ec) is (34.2 - I.35 = 32.85 mj). 

Using the values for Eu and previously found the applicable 

"Safety Factor" (Pg) can be calculated: 


„ Eu - Ec 74.41 - 32.85 
= = ^35 


126^ 


The EDIM firing circuit design margin at worst case conditions is 
126^ (or Eu = 2,26 Ec). This safety factor was calculated vising the actual 
energy By used in heating the SBASI bridgewire during the elapsed time t(max) 
and the SBASI characteristic ignition energy (Ec) determined from Reference 3 
data. 


Reference 3 gives a firing time of .070 milliseconds. The approximate 
SBASI firing time for the EDIM firing circuit at worst case conditions can 
be determined by calculating the time necessary to deliver 32.85 raiUijoules 
to the worst case SBASI bridgewire. 

t^=.:^ +l)iK = .1073 (From E^ Calculation) 


0.6387 

2 


1.,/ 32.85 X 10-3 
\ -.1073 



=-0.31935 In (-0.30615 + 1) 
=-0.31935 In (+0.6938) 
=-0.31935 (-0.365') 

= 0.117 milliseconds 
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This apparoQciinatiozi can be iioproved by determining \diat amount of 
energy is beat loss at 0.117 milliseconds then adjusting the value of E 
to compensate for this loss and then recalculating (t^) using the adjusted 
energy value. 3y repeating this process for several iterations the 
approximation of tf can be Improved as much as desired. Two additional 
iterations yield t^ (1) s .223 ms and t^ (2) o .128 ms. The value tf = 0.128 
mill'lsecohd8~ls a good approximation for the worst case time required for the 
EDIM firing circuit to Initiate a SBASI. Therefore, at worst case conditions 
the EDIM requires 0.128 milliseconds to deliver 32.85 mlUiJoules of brldgewlre 
heat and baa the capability of delivering T^.^l miUiJoules of brldgewlre heat 
within 0.813 milliseconds (f max). 

The assumptions made throughout the EDIM firing circuit analysis are 
considered conservative. The SBASI sample size employed by Reference 3 Is small 
but the SBASI firing energy (3^.2 mlUiJoules) characteristic given by this 
reference is corroborated by Reference 1 which gives approximately the same 
value. The analysis herein also deals with the problem of SBA£I variance 
by employing a conservative (-3 sigma) SBASI thermal time constant (based 
on Reference 1 data) in the calculations. The employment of a small thermal 
time constant results in simulation of maximum SBASI thenal losses in the 
calculations. The conservative assumptions employed in the firing circuit 
analysis and the resulting 126^ performance safety factor combine to generate 
a high level of confidence in the EDIM firing circuit design. 
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3.1.2 Timing and SCR Oirlgger Circuit Analyses 

Figure 3. 1.2-1 presents a schematic of the EDIM Timing and Trigger 
Circuit. This is the part of the EDIM which times the 3.0 second delay period. 
nnH supplies a gate trigger pulse to the SCR thereby gating the SCR into the 
conduction state. The RC time constant is determined by R3, r 4 and Cl. The 
delay time (tj[) is determined by the RC time constant and the UJT peak point 
emitter voltage (Vp). Capacitor Cl charges to the voltage value Vp at which 
time the UJT Q1 turns on and transfers energy from Cl into the SCR gate circuit. 

3. 1.2.1 Timing Circuit Analysis 

This section presents the results of an analysis per- 
formed to verify that the timing circuit will provide a time delay of 3*0 
seconds minimum at worst case conditions. Figure 3-l>2-2 depicts 3rd/4th stage 
separation distance as a function of time. The minimum acceptable separation 
at the time of 4th Stage Ignition is 50 inches. This distance is -required to 
assure that no significant 4th stage motor exhaust deflection occurs off of 
the 3rd stage in such a way so as to induce excessive coning of the 4th stage. 

As indicated by Figure 3*l*2-2, the mininium acceptable separation distance is 
achieved at 3.0 seconds (worst case, withput "retro") . A design requirement 
for the EDIM is to assure that a minimum delay time of 3*0 seconds is achieved 
under all conditions. 

Integration of the expression for instantaneous timing 
capacitor voltage (V,,) at Cl between the limits 0 and t results in an 
equation which can be solved for t^. 

t, = -RC In 

U 
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FIGURE 3.1.2-2 RECOMMENDED LOWER BOUND SEPARATION LIMIT 
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Tj. B lUI JPnetlon Te m perature (°K) 

Vp B OJT Peak Point Bnitter Voltage 

Vm B 200 /Fj b tMT Bnitter Diode Junction Voltage 

V^ b Regulated Voltage 


nie design requirement for the £D1M time delay Is 3*0 seconds minimum. 
No deviation balov 3.0 seconds Is allowable in order to assure at least a 50 inch 
SrdAth stage nlnlmum separation dlstemce at Uth stage ignition as depleted In 
Figure 3«1«2-2. 

The worst case deviation of the time delay value will occur during 
low temperature operation of the circuit. The primary (most significant) cause 
of the delay time dwriatlon at high or low temperature Is the change in the 
capacitance of d at these temperatures. Temperatures above cause CPs 
capacitance to Increase above the nominal value and a decrease In capacltcmce 
will result when the temperature Is below The decreased capacitance at 

low temperature Is the most ef It leal parameter variation since It will cause 
a corresponding decrease In the delay time. 

The selection of B3 during a>lM buildup will fix the circuitry delay 
time for an ambient temperature of approxiaately S5°C. This selection of an R3 
resistance value must take; into account the maTimim possible excursion of the 
delay time due to worst case circuit parameters and temperature extremes. 
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The UJT parameters which change with temperature and will cause the value of 
Vp (and therefore t^) to change are the tnterhase resistance (BggQ) 'tbe 
OTT emitter diode Junction voltage (Vg^). Hxe intrinsic stand-off ratio (7) ) 
remains essentially constant with temperature. The temperature coefficient of 
output voltage (T^) for the 1C regulator Z1 will also affect the resultant 
value of Vp at the temperature extremes. The effects of the temperature 
induced changes in and are in opposite directions in terms of. the 
resultant change in Vp, However, the magnitudes of the influence of RggQ and 
Vjjjj on Vp are not equal and the resultant effect is that Vp is more sensitive to 
changes in V^^ except at minimum RggQ. 

The most severe changes in delay time will occur as a result of 
the temperature induced capacitance change in Cl. The nominal capacitance value 
is 120 microfarads at 23°C. This value will increase to 139 microfarads at 80*^C 
and decrease to 102 microfarads at -17.8°C. 

Calculations were performed to investigate the magnitude of the 
changes in delay time resulting from the temperature extremes to be Imposed. 

To perform these calculations the full range of UJT parameter variations and 
regulator (Zl) temperature effects were considered. The results of the cal- 
culations are presented in Table 3.1.2.1-I, a table of temperature induced t^ 
changes. A value for R3 (which resulted in a 3.0 second t^ value) was selected 
for each of the possible worst case UJT parameter sets at 25°C. Then, the t^ 
value resulting from high and low temperature effects was calculated for each 
of the UJT parameter sets (with B3 constant) thereby generating the maximum 
t^ changes ( A t^'e) for each of these sets. The A t^ values due to 
temperature Induced changes in peak point voltage ( A V^) and Cl capacitance 
changes (AC), each acting alone, were also calculated and listed in the table. 

The <i-[-t^ column represents total resultant t^ change with A Vp edid A C acting 

together. 

D-22 



Appendix Oi 


Report HO. 2-5»«32/5R-23013 
ftige 19 


TABI£ 3.I.2.I-I 
Temperature Indiieed Chaneea 


1 



T — 





Ata ( A c) 

4 (4 vJ 

Tttal4 t. 

T (&) 


®bbo j 

R3 (KJl ) 

c (/f) 

(Sec.) 

(sec.) 

“(fee.? 

(sec.)® 

2 

5 

0.47 

4.7 

33.48 


>0 

3. 

>0 






0.47 

9.1 

32.65 






-— 

— 



0.62 

4.7 

22.17 





• ••• 


- ... 

' 

2 

' 

5 

0.62 

9.1 

21.83 


!0 

' 

3 

0 

— 


— 

-1 

7.8 

0.47 

3.29 

33.48 

u 

£ 

2.59 

-.46 

+.05 

-.41 



0.47 

6.37 

32.65 



2.61 

-.47 

+.08 

-.39 



0.62 

3.29 

22.17 



2.53 

-.45 

-.02 

-.47 

-1 

r 

7.8 

0.62 

6.37 

21.83 

1< 

£ 

2.6 o 

-.46 

♦.06 

-.40 

e 

0 

0.47 

7.05 

33.48 

1: 

J9 

3.42 

+ .47 

-.05 

+.42 



0.47 

13.83 

32.65 



3. 38 

+.45 

-.07 

+.38 



0.62 

7.05 

22.17 

■ 


3.55 

+.t *6 

+.07 

+.55 

8 

0 

0.62 

13.83 

21.83 

1; 

9 

3.^ 

♦.46 



-t06 



+.40 


I 



D-23 



Appendix D 


Report No. 2-5^232/5R-23013 
Page 20 


These data show that the values resulting from capaclt^ce 

change alone are 0.46 volts maximum and for ^ Vp alxme, 0.08 volts maximum. 
These deltas partially coo^nsate for one another except at ^(maximum) 
and RppQ (minimum). A conclusion dravh from these data Is that the value 
of R3 should he selected such that the time delEiy Is high enough at 
to compensate for the worst case decrease expected at -17.8°C. The worst 
case decrease Indicated In the A t^ data Is -0.47 seconds. Fixing the delay 
time at a nominal value of 3*6 seconds at 25°C will assure that the. minimum .. 

delay time Is no less than 3*1 seconds at -17. 8*^0. 

In conclusion It has been determined that the UJT timing circuit will 
meet the EDIM design requirement for achieving a minimum 3.0 second delay time. < 
However, to do scr,. the nominal t^ setting (by R3 selection) should approximately 
be 3*6 seconds at 23°C In order to assure compliance with the 3>0 seconds 
minimum delay time at worst case low temperature conditions. As a consequence: 
of this approach the maximum delay time at 80°C could be as great as approxl- 
mately 4.08 seconds. The calculated delay time extremes were predicted for the 
temperature extremes to be Imposed during envlrcDmental testing. Obese 
extremes are more severe than expected in actual flight. Actual flight tem- 
peratures are expected to result In a much smaller spread Of possible t^ values. 
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3. 1.2. 2 SCR Trigger Circuit Analysis 

This section presents the results of a reliability analysis 
of the SCR trigger circuit. The analysis vas performed to examine functional 
performance adequacy of the UJT briber circuit under worst case conditions. 

The sole functional requirement of the SCR trigger circuit is to generate 
the necessary SCR gate voltage and current required to reliably fire the SCR 

_at_Jbhe_end_of_the_timing_circuit_delay-. — — 

It vas determined during the analysis that the circuit cooflg;uration 
as it exists for the parellmlnary. Boglneering Model design- cannot be assured 
of firing the SCR at worst case conditions. Ihider the conditions of a 
worst case state of the circuit component parameters at low temperature 
(-17.8°C) the maximum UJT emitter saturation voltage V„ (SAT) will exceed 
the value consistent with SCR triggering. The following SCR parameter ; 
values represent the worst case SCR firing requirements. 

Igj, = 21 ma (Max. & -20°C) 

Vqj, = 1.78V (Max. @ -20°C) 

where : 

is the SCR DC gate trigger current (per Data Sheet) 

^GT is the SCR DC gate trigger voltage^ per Data Sheet) 

Figure 3.1.2-1 presents the SCR trigger circuit configuration 
applicable to the Etaglneerlng Model. The voltage at point B (1^) viU reach 
a maximum value equal to the UJT peak point emitter voltage (Vp) at 3*0 seconds 
after the switch SI closes (at 3rd/4th Stage separation). At .'VC = V„ the UJT 
is turned "on" and the energy stored in Cl is applied to the SCR gate trigger 
circuit through the UJT base Bl. At the "tum-on" point the trigger circuit 
must achieve the necessary SCR triggering conditions or the SCR will not become 
conductive and the squib cannot be fired. At worst case conditions the UJT (2B16T1C) 
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V (SAT) can be as high as 5 volts at an emitter current of 50 milliamperes. 

£j 

At the worst case maximum value of the current through R5 will be 65 
milliamperes (1.78/27.4). This current plus the current through the SCR gate 
(I^t) will result in a current value considerably greater than the 50 milli- 
amperes value' of Ij, given by the UJT data sheet at V^, (SAT) = 5-OV (Max.). 

The foUowing la a aimplified equivalent circuit relating the pertinent 
component and circuit parameters involved in the SCR triggering problem. 


Ve(SAT) 



Iqt = 2t ma (Max . @ Low Temp.) 


Vqj = 1.78 (Max. @ Low Temp.) 


Rg 25 1.3 n (Squib + Loop 
Resistance) 


The range of Vp values will be between 4.8 and 6 volts. The • 
values of are likely to include cases wherein'Vp is too small (leas than '^C3T^ 
since Vg =Vp,1i^ values as great 

as 5 volts. The following equations describe the SCR triggering problem 
mathematically. 

V - V 

— Si = .21 ma (Meix., Reference SCB Data Sheet) 

= 1.78V (Max., Reference SCR Data Sheet) 
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1.78 


1.3 


.021 a 


Vp = .0273 + 1.78 

^ 1.81V 
1.81 


Ip = .021a + ^ 

= .021a + .066 
= 87 ma 
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Vj, = Vp - Vg (SAT) = 1.81V (Max.) 

V„ (SAT) = V_ - V„; ^.8V < Vp< 6.0V holds for EDIM design 

V„ (SAT) «= 4.8 - 1.81 = 2.99 (Max. AUowahle) 

£ 

The UJT emitter saturation voltage- must not exceed 2.99V at -17.8°C 
in cirder to assure that the SCR can be triggered with worst case SCR 
parameters at this temperature. 

In summary, the SCR trigger circuit will not successfully trigger 
the RCA O^pe 4o654 SCR under all the possible conditions of temperature 
and at the worst case state for the SCR and UJT Tyje 2N16T1C parameters. 

The range of possible values for the UJT emitter saturation voltage, 

SCR (Vct) aod SCR (3^) such that the SCR triggering state will not be 
achieved even at some points somewhat less than worst case. The EDIM circuit 
design, component selecticm and/or the regulated voltage setting will require 
changes for the Qualification Unit in order to correct for the UJT/sCR 
compatibility problem discussed herein. It will be possible to work around 
the problem in the Engineering Itolt EDIM by means of selecting a UJT far 
acceptable Vg (SAT) before installation. 

3.1.3 Energy Budget Analysis 

Battery power is applied to the H)IM until fourth stage spin-up occurs. 
At spln-up the battery power dlsoanaMts and EDIM operation is powered by 
means of the energy stored in five energy "source" capacitors C3 throufiji C7 
(Referred to herein as Cg). Ihese capacitors supply a total nominal 
capacitance (Cg) of 1500 microfarads (300y^^f eac h at 25 C) charged to 
28.3 volts minimum at the beginning of the 4,5 secrad internal power 
operating period. This 4,5 second period includes a 1.5 second operating 
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period (during 4tb stage sptn-up) prior to elostre of the start svitch ^ 

(at 4tb stage separation) and a 3*0 second (ntinlanm) programmed Ignition 
delay. During the 4.5 second (minlnum) of internal power operation the voltage 
on Cg drops from the initial value of 28.3 volts to sosie final value which 

O 

depends on the^amount of power required hy the during the 4.5 second 
internal power operating period. This section presents the results of an 

analysis performed to investigate the adequacy of the SDIM circuit to perform 
normally at worst case conditions using the energy available in C_ for the 

full 4.5 seconds. 

The energy budget analysis for the H)IM circuitry at worst case conditions 
indicates that the source capacitance C_ will not supply the worst ease E3>1M 
energy demand for 4.5 seconds at -IT.S^C. The EDIM energy budget was divided 
into three elements far convenience. These elements are the following: 

«1. Capacitor Cl Circuit - This circuit requires sufficient energy 
to charge Cl to the CJT Peak Point Bnltter Voltage (Vp). Also, 
some energy is lost through B2 during Cl charging. 

2. UJT Drain Circuit - This is the series circuit through the lUT 
which drawd current throughout the internet, power period so as to 
maintain a Vp bias.' 

3. Regulator Standby Current - Ohe current required for regulator 

internal requirements and bias is equal to thei-reguiator standby 

current. This current must be maintained throughout the internal 
power period. 


«This applies only during the 3.0 seomd delay period. 
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Additional leatoge currents due to the capacitors were not significant. 

?be following calculations were performed for the developoent of 
an energy budget for each of the five elements listed above. 

Usable Ciuurge Calculation (Available aiergy on Cg) 

Vin (Min.) = 28.3V Minimum Initial Voltage at Cg (30V - 0.7 - 1.0) 

Cg (Min.) = 1500 - 0.1 (1500) = 1350 j4t @ 25®C 
“C^(Min. @ -17T8°C) = 1350 - 1350 (.0075)('**2.8®C) = 917 ^ f ^ 

V^ (Min.) = 3«0V Minimum Liput /Output Voltage Differential for 
Z1 Volt^e Regulator 

Voyj,(Min,) = 8.9itZV Regulated Voltage at -17.8°C 
Vf = Voyj,(Mln.) + V^ (Min.) = 8.9^^ + 3.0 = 11.9'j 2, Lowest Voltage 
permitted at Cg for nomal regulator operation 
Of = CgVj = (917 X 10"^)(H.9^) = 10.95 milllcoulomb (jnd). 

Residual charge on Cg at V^ @ -17.8°C 
= (917 X 10"^)(28.3) = 25.95 me. Initial Charge on Cg at t = 0, 

T = -17.8°C 

0^ = 25.95 - 10.95 = 15.00 me, Usable Charge on Cg for normal 

operation of EDIM during .^<5 second iatsmal power operating time. 
1) Capacitor Cl Circuit 

a) Cl Charge b) R1 Drain 

Vp (M9lx.) = 6.0V V(R1) = 4.0V (average for •'3«'0 second) 

Cl = 102^ f @ -17.8°C I(^) = 4.0/1 X 10^ = 4yu a 

Q(C1) = 6.0 (102 X 10"^) Q(R1 drain) = (3.0)(4.0 x lO”^) 

s 0.612 me B .fflg me 

^(1) = 0.612 +.012 
= 0.624 wc 
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2) UJT Drain Circuit 

(Min) » O.T (4.7 K)a 

= 3.29K 9 -17.8°C 
R (9 + 7 ♦ 5) o 10 + I5it + 27,lf 
- 0.193X 

Rj » 3.29K + 0J.91X 
= 3.*^81K1^ 

I (2) - B,9^/3,U82K 
= 2.57 ma 

Q (2).= (2.57 ^^a){l^,5 see) 

= 11.57 me 

3) Regulator Rtandty Current 
I(Zl)gB ■ 3.5 ma (Max.) 

Q (U) - 4.5 (3.5 ma) 

= 15*75 me 

Q(T) = Q(l) + Q(2) + Q(3) 

-0.624 + 11.57 + 15*75 
- 27.94 me 

Deficiency = ft(T) = Q(U) 

= 27.94 - 15.00 
= 12i94 me 

Ttae above csalculatlona sboir a 12.94 me deficiency In the available 
c barge in Cg far nonaal operation for 3.0 aecondB delay. Obe charge deficiency 
can be solved by sene combination of several possible actions 
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to decrease the energy demand during EDBI operation and/or Increase the usable 
charge. A listing of possible steps is given below. 

(a) Ihcrease the value of Cg to a value which will store the total 
charge required for the worst case state at -17.8°C. 

(b) Screen ccoponents to assure parameter values less than worst 
case. Candidate components and parameters for screening are 
Indicated below. 

1. lUT - Screen for hl^er than worst case minimum. 

2. Cg Cj, Cg, Cj) - Screen for hi^ side tolerance 

capacitance. 

3 . Z1 Regulator - Screen for typical (2.3 ma) or lower value 
for Standby Drain Current. Screen for 1.5V minimum input- 
output voltage differential. 

(c) Relief of KDIM requirements at low tetnperatvire. 

(d) Change component type(s) to those which have a more favorable 
range of the critical perameter(s). ISiis would be an alternative 
to screening of the existing competent types. 

It should be noted that the probable failure mode for the EDIH in the 

event of insufficient energy in C„ is a short delay time. Ibis short delay 

o 

time would occur as a result of a decreased regulated voltage when the Cg 
voltage dropped below about 12 volts. At this point the regulated vollage 
would continue to drop below the nominal 9*0 volts at about the same rate 
as the voltage on Cg dropped. At some point in time the decreasing lUT peak 
point voltage (Vp) 6md the timing capacitor voltage would reach a cross-over 
point thereby turning the UJT "on”. Obe SCR would then fire normally unless 
the timing capacitor voltage was too low. Ibe failure to fire the SCR 
(and therefore the SBASI) would be an extreme case resulting when the energy 
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in C„ vas f&r short of the amount required to operate the ED3M. !Hie short 
delay tine condition and SCR firing energy margin should be investigated 
during the Engineering Model Testing in order to gain insight into the 
phenomena. The delay time effects are at least partialiy self-compensating 
and the minimum SCR firing energy condition may be simulated by applying low 
initial voltage to C_ . 

3.2 Component Analysis 

3*2.1 Component Descriptions 

This section presents a description of the electronic piece- 
part compcments which compose the EDIM. Ibe following is a listing and 
description of the parts used. 

1. Integrated Circuit; Fairchild yix a 723 U3R7723312 

Regulator Z1 Monolithic, Planar, epitaxial-10 Lead Metal Can 

2. Transistor, Silicon, Unijunction; Q1 GE IVpe 2N1671C 
TO-5 Can, 3 Lead 

3. Zener Diode, V2 = 30, l?t; CR2 and CR3 
General Semiconductor - GZ4U01A (!Qrpe 1X52 56b) 

4. Diode, Rectifier, Silicon; CRU and CR5 PIV = 50V, Iq = 1.0 amp 
Peak Surge = 30.0 amp 

5. Resistor, RHR55C; R3, R*^, R6, R8, RIO, Rll & R12 
Metal Film, l^t, l/lO watt, MIIr.R-55l82 

6. Resistor RHR65C; R1 Metal Film, 1^, watt, MIIi-R-55182 

7. Resistor, RWR81S1540FR; R7 Wirewound, Dale, MIL-R- 39007, 1.0 watt, 1^ 

8. Resistor RV®81S27B4 fR; R5 Wirewound, Dale, MIL-R- 39007, 1.0 watt, 1^ 

9. Resistor, MFFl/8 1 MEG l?t T-0; R2 
Wirewound, Dale, MIL-R-22684B; I/8 watt, 1^ 
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10. Resistor, RWR8ISIOROFR; R9 

Wlrevound, Dale, MIIi-R-39007, J-/IO vatt, 1^ 

11. Capacitor, GE l^rpe No. 69F^3^137; Cl 
Hermetically Sealed, Tabular, Temte^xm 
Wet Slug Capacitor, M39006/09-6^76 
120 /A f, 15V 

12^ Capacitor, Dielectric; C2 

General Purpose, M390l4/05-28l9, 100 pf 

13. Capacitor, (ffl Type No. 69P4455G136; C3, Ck, C5, C6, C7, C8, C9 
Hermetically Sealed, Tabular Tantalum 

Wet-Slug Capacitor, M39006/09-65l8 

300 ^f, 3OV 

14. Connector, Shell Size 12, 10 Sockets 
Deutsch DB^54-12-10 SN 

15. Connector, Shell Size 10, I9 Pins 
Deutsch RTK 07-18-19 PH 

nte GIDEP AIERTS at VSD have been reviewed to determine If any of the 
above components eoe cm "alert" status. It was determined that only the 
RNR5^ (Item 5 above) and the RNR65C (item 6 above) resistors were the subjects 
of an AUST at this time. The alerb In question was AI£RT No. MSFC 74-02. 
dated 14 August 1^74. This alert specifically dealt with all RNRA>HC55> 8 o, 

65, 70 resistors manufactured by Wagner Electric Corporation, VAMISrCR Division, 
Livingston, N.J. All applicable resistors used In the EDIS should be obtained 
either from another manufacturer or f^om later lot/date codes of Wagner 
Electric Corporation manufacturer which have been corrected for the problem 
referred to In AISRT No. MSEC 74-02. 
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3.2.2. Stress Analysis 

This section presents the results of a piecepart component 
electrical stress analysis which was performed for each of the SEIM circuit 
components. The purpose of the analysis was to determine the level of 
electrical and/or thermal stress imposed on the components hy the SDIM 
functional and environmental requirements. Ihe stress levels thus deter- 
mined were evaluated in terms of the maximum specified allowables determined 
from component data sheets. Results of the analysis are summarized in the 
following sections herein. The stress levels determined were found to be 
adequate to assure reliable operation of the EDIH under the worst case 
extremes of environment and electrical stress combinations. 

3. 2.2.1 Resistor Stress Levels 

Maximum ratings and the KDBi Imposed stress levels for 
each of the resistors HI through R22 are presented in Table 3»2.2^I. All 
of the resistors whre found to be adequately derated to assure reliable 
operation of the circuit. The stress values presented represent the percent 
of maximum specified power actually dissipated during the worst case con- 
ditions of circuit operation. 

Only one resistor (Rl) was found to be stressed at 
a significant percentage of the allowable dissipation. This resistor is 
exposed to two significant stress conditions during EDIM operation. The 
first stress condition arises as a' consequence of a transient current surge 
which occurs during initial charging of capacitors C3 through C9 when 
battery power is first applied to the EDIM circuit. This transient surge 
current occurs during a period of 1.22 seconds during which an average 
stress level of 86.2^ is applied resulting in appraxhnately a 10°C tempera- 
ture rise. The 86.2^ stress level of 862 milliwatts for 1.22 seconds compares 
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TABLE 3.2.2-I 
EDIS RESISTOR STRESS LEVELS 



Component Rating 

Stress 

Levels Imposed 

Reference 

P(Max.) 

T(MSx.) 

P(Max.) 

T(Max.) 

Stress 

Designator 

(rav) 

(°C) 

(mw) 

(°C) 

{f) 

R1 

250 

175 

85 

97 

34 

R1 (Transient) 

1000 

(3600 sec 
overload) 

175 

862 

(1.22 sec) 

90 

86.2 

R2 

125 

175 

.0763 

80 

.06 

R3 

100 

175 

.0387 

80 

.0387 

R4 

100 

175 

2.26 

81.1 

2.26 

R5 

1000 

275 

.0898 

80 

.00898 

r 6 

100 

175 

7.2 

84 

7.2 

R7 

1000 

275 

.505 

80 

.0505 

r 8 

100 

175 

1.083 

81 

1.883 

R9 

1000 

175 

1 

80 

Oul 

RIO 

100 

175 

1 

80 

1 

Rll 

100 

75 

1 

80 

1 

R12 

100 

175 

1 

80 

1 
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favorably with the specified maximum (1000 milliwatts for 36OO seconds) 
overload condition. 

3.2. 2. 2 Capacitor Stress Levels 

Table 3.2. 2- II presents the maximum ratings and 
worst case stress levels imposed on the E3DIM capacitors. The stress factor, 
presented is the maximum percentage of the rated voltage imposed on the 
capacitors during worst case circuit operation conditions. 

All capacitors were found to be operated within their 
maximum rated voltage at the corresponding maximum temperatures. Capacitors 
Cl and C2 are operated well within the voltage limits specified at maximum 
temperature. The voltage applied to capacitors C3 through C9 at worst case 
zener (CR2 and CR3) conditions (high side of tolerance and 80°C) is 32.2 volts. 
This value is within the maximum specified DC surge voltage of 3^«5 volts at 
85°C. The maximxjm DC surge voltage rating is defined as the maximum DC 
voltage applied for 30 seconds or less at intervals of 5 minutes or more. 

These ccmditions are compatible with the EDIM flight conditions and should 

also be observed during ground testing of the EDIM for maximum reliability of 
these capacitors. The worst case stress state (32.2 volts, 80°C) can only occur 
during environmental testing and no operational problems are expected (See 
Table 3.2.2-II Hote) . 

«,cl. .«■ the mm ee.1- 

codductors Is presented in Tbble 3.2.2-III. These stress levels were deter- 
mined for each of the semiconductor components under the worst case ccmbination 
of circuit imposed conditions and component parameter values. All of these 
components were determined to be well within the desirable range of stress 
consistent with good derating practices. 
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TABLE 3. 2. 2- II 
EDIM CAPACITOR gTRESS LEVELS 


Reference 

Designator 

Component Rating 

Worst Case 

Stress Levels Imposed 

Vpc (Surge) 
(volts) 

T(Max.) 

(OC) 

VDQ(Surge) 

(volts) 

T(Max.) 

(°C) 

Stress 

Factor 

Cl 

17.2 

85°C 

6.0V 

80°C 

3^.9% 

C2 

100 

175 

30V 

8o°C 

30% 

C3 

3^.3 

85°C 

32.2 

80°C 

93% * 

C9 

3^.3 

85°C 

32.2 

80°C 

93% * 


•HOIE: 

1. ISils stress condition cannot occur during the expected flight environment. 

2. These capacitors are lot sample tested to assure a minimum of 10^000 hr. 
life at 85°C. 

3. 100% of those capacitors vill be Inspected for low capacitance and leakage 
at V5D. 
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TABLE 3.2.2-111 

KDKd SEMICCaJDUCTCR STRESS lEVELS 


A. Diodes, General Purpose, 1N4001 

Ratings 


Applied Stress Values 


Ip(Max.) 

PIV 

i^(Max.) 

PIV Stress ( If) 

CR4 1000 ma 

50 

137 ma 

20V 13.7^t 


CR5 1000 ma 

50 

137 ma 

ov 13.7^6 


Zeners, QZ41101A, V^ = 30V, Vf, 

Max. Rated Junction 
Temperature (Tj) 

Worst Case 
Applied Tj 

Worst Case 
Stress (Tn)* 

Stress 

Factor 

CR2 200°C 


149. 5°C 

0.596 

59.6^ 

CR3 200°C 


149. 5°C 

0.596 

59.6?t 


= Normalized Junction Temperature (derating starts at 75 C) 

C. UJT (Ql) 2NI67IC 

^max (®ATED) = 235 mw @ 80 °C 

s ’ 

^max (applied) = I6 raw 

Stress , = 16/235 = 6 , 8 ^ (Max.) 

D. SCR (CRl) 40654 


Maximum Ratings 

(Non-Repet it ive Peak Forward Voltage) = 25OV 
(Peak Surge) = 8QA 

P_,.(Peak Forward Gate Dissipation, for 1 sec) = 40w 
GM 

Operating Case Temperature Range = 65°C to 100°C 
Maximum Applied: Stress 

^DSCW = 30 . 8 V 

= 30.8a Stress = 30.8/80 = 38.51^ 

P„„ = 4.0w Stress = 4.0/4o = 10^ 

UM 

T(Max.) = 80°C 
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In Table 3*2.2- III zener diodes CR2 and CR3 are indicated as ^ 

having the hipest level of stress (59.6^) of all the semiconductors. 

This stress level is expressed in the form of the normalized Junction 

temperature (T^) which is calculated hy use of the following expression. 

T - T 

’^n "T;f>to ' y-T „ (Reference No. 6) , ' 

tJ B I 

where: ^ 

= Normalized Junction Temperature 
T, = junction Temperature 

T„ = Temperature at Which Power Derating Begins (75°C) 

D 

Tj(Max) Maximum Rated Junction Temperature Determined from 
Device Specification 

3.3 Failure Mode, Effects and Criticality Analysis 

Failure modes and effects can be cuial^zed and presented qualitatively, 
without numerical parameters. However^ a quantitative criticality Is useful 

) 

as an aid In proportioning effort and establlshli^g priorities for such effort I 

to be expended in reliability Improvement. Quantitative criticality is expressed 
herein In terms of a rate of occurrence of mission failures per million flights. 

Bach criticality value presented in Table 3*3-1 Is that value attributable 
to the falliire of the corresponding component in the designated failure mode. 

Mathematically, criticality Is defined by the following relation: 

Criticality = Wt x ^ x K' x (Effect Level) 

- ’ I 

where: Wt = Environmental Exposure ("Use") Factor 

"Xq = Generic Failure Rate 
,K = Operational History Modifier 

Effect Level = Mission Failure Probability Given a Particular Failure Mode 
To aiTive at the criticality value for a specific component failure mode, 
the component failure rate ( ) attributable to that mode is required. 



if 


iQ 
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COMPONENT. 

DRAWING NO: 

VENDOR: 


SINGLE FAILURE MODE CRITICALITY ANALYSIS system.scoui_ 

. SUB SYSTEM Jith,fitagejffiBi 


COM 

NO 

ELEMENT 

r 

FAILURE 

MODE 

EFFECT CATEGORY 

FAILURE RATING 

CRmCAUTY 

■■I 



1 










‘i. 

I, 

]' 


FAILURE EFFECT 
1 SUBSYSTEM 

1- 

O -1 
lil HI 
H. > 

6ENERIC 

X 

‘use" 

FACTOR 


FAILURE 

RATIN6 

/EFFECTS 

V LEVELS 

X 

nii« 



t 

b. MISSION 1 

HI 

HI ^ 

(» lO*) 

Wt 

K 

RWtX 

/FAIUMEV 











1 * 10*1 

1 

i 


Q1 

Unijunctlcm 

Short 

t 

a) 

EDIS will not operate. 









Transistor 


b) 

Mission Failure 

H 9 

0.205 

99,85 

1.0 

20.47 

20.47 




Open 

a) 

EDIS will not operate. 










1 

b) 

Mission Failure 

1.0 

0.205 

99 . 85 

1.0 

20.47 

20.47 


Z1 

Voltage Regulator 

Regu^tion High 

a) 

Long or short delay time 









(ic) 



possible depending on extent 
-of the out-of-specification 
condition and- resultant rate 
of excessive energy depletion 
during delay period. 











b) 

Possible Degradation 

.01 

0^0 

99.85 

1.0 

10.0 

».bO 




Regu^tion Low 

a) 

Short Delay Time Probable 











b) 

Probable Degradation 

.05 

0.10 

99.85 

1.0 

10.0 

0.5 




Internal Short or 

a) 

No. Output 










Open 

1 

b) 

Mission Failure 

1.0 

0.20 

99. 85 

1.0 

20.0 

1.0 


CRl 

SCR 

Short 

a) 

Early or no squib firing. 










, 

b) 

Mission Failure 

1.0 

0.5 

99.35 

1.0 

49.93 

49.93 




Open 

a) 

No squib firing. 

, ■ ‘ 









' 

b) 

Mission Failure 

1.0 

0.5 

99.85 

1.0 

«9.9| 

59»9f 


CR2 

Z«ner Diodes 

Short (of either) 

a) 

No energy to fire squib. 








or 



b) 

Mission Failure 

0.0 

0.300 

99.35 

1.0 

69.94 

29.96 


CR3 


Open (of either) 

a) 

EKcessive voltage on C3 C9 










b) 

Possible Loss 

O.o 

0.625 

99.85 

1.0 

62.41 

6.241 




Drift {of either) 

a) 

Possible low energy for squib 










zener voltage change 

b) 

firing. 

Possible Failure 

0,1 

0.325 

99.35 

1.0 

32.45 

- . . 

3.25 




D-40 


£f0k2-a/as«i-: 
















ELEMENT 

FAILURE 

MODE 




EFFECT CATEGORY 


FAILURE EFFECT 

a SUBSYSTEM 
b^MISSION 



EFFECT 

iIevel 
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SYSTEM. 

SUBSYSTEM. 


FAILURE RATING 



MRoirr NO. 













COMPONENT. 
DRAWING NO 
VENDOR. 


TABLE . 
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SINGLE FAIUIRE MODE CRITICALITY ANALYSIS 


SYSTEM. 

SUBSYSTEM. 


ELEMENT 


FAILURE EFFECT CATEGORY 

MODE 

FAILURE EFFECT 

a SUBSYSTEM 
b. MISSION 

Short (of any one) a) EDIM will not operate. 

b) Mission Failure 


FAILURE RATING 


GENERIC "use” OPERATIONAL FAILURE 

V FACTOR HISTORY RATING 


Drift (of any one) a) Possible decreased operating 

energy during delay period 
causing short delay time, 

b) Possible Degraded Mission 


I X IO«) Wt 


0.19a 99.85 


Open (of any one) a) Decreased operating energy 

during delay time causing shori 
delay time. 

b) Possible Degraded Mission at 0.01 O.O96 99.85 

low temperature. 


0.01 0.096 99.85 


KWtk |/FAIUIRC\ 

(XIO*) VRATiiMj 


19.17 


19.17 


Short (of either) 

a) Squib cannot be fired. 

b) Mission Failure 

1.0 ' 

0.192 

99.35 

1.0 

19.17 

19.17 

Open (of either) 

a) Possible no squib firing, . 

b) Possible Failure 

0.1 

0.096 

99.35 

1.0 

9.95 

1.0 

Drift (of either) 

a) Possible no squib firing. 

b) Possible Failure 

0.1' 

0.096 

99.85 

1.0 

-9.95 ■ 

1.0 
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TABLE 


COMPONENT. SDIM 

DRAWING NO: 

VENDOR'. 


SINGLE FAILURE MODE 


NO. 


ELEMENT 


FAILURE 

MODE 


EFFECT CATEGORY 
FAILURE EFFECT 


a SUBSYSTEM 
b.-MISS(ON 


R1 Resistor Short a) Zener diodes CRl and CR2 

cannot regulate voltage at C3 
through C9 to 3 OV maxijauin. 
Zeners will be destroyed by 
excessive power dissipation. 

b) Probable Loss 

Open a) Loss of battery power. 

b) Loss of Mission 

Drift a) Non>optimum zener action and 

possible zener burn-out due 
to over-current. 

b) Possible Loss 


R2 Resistor Short a) SCR cannot be fired. 

b) Loss of Mission 

Open , a) Capacitor Cl cannot be bled to 

zero-'volts readily during 
testing. Could cause delay 
time changes during ground 
testing. 

b) No effect during flight. 

Drift a) Could result in excessive 

current short or long delay 
times depending on circum- 
stances of failure. 

b) Possible Failure 


EFFECT 

(Level 
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SYSTEM. 

SUBSYSTEM. 



FAILURE 

RATING 

i- 

'1 

CRmCAUTV 

GENERIC 

“use' 


FAILURE 

/EFFECT \ 

Vlevel^ 

X 

X 

FACTOR 

HISTORY 

RATING 

(X 10*) 

Wt 

K 

KWtX 





( x| 10 * } 


0.005 

99.85 

1.0 

0.5 

-.025 

.0038 

99.85 

1.0 

0.379 

0.379 

, .0004 

99.85 

1.0 

p.4o . 

.004 

0 

0 

99.85 

1.0 

0.40 

( 

1 

0.40 

.032 

99.85 

1.0 

f 

3.20 

0.0 

0.004 

99.65 

1.0 

' 01.40 

0.04 
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TABLE 3-3-A 


COMPONENT: EDIM 

DRAWING NO 

VENDOR: 


SIH6LE BMUmE MODE CRITjCAHTY ANALYSIS 


SYSTEM. 

SUBSYSTEM 
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CODE 

Na 

ELEMENT 

FAILURE 

MODE 

EFFECT CATEGORY 

FAILURE RATING 

CRinCALfTV 



FAILURE EFFECT 

a SUBSYSTEM 
b. MISSION 

EFFECT 

LEVEL 

«E MERIC 

X 

IX 10*) 

1 

"use" 

FACTOR 

Wt 

— 

OfERAHONAL 

HISTORY 

K 

FAILURE 

RATIN6 

KWtX 
I X 10* ) 

/EFFECT\ 

Vlevel/ 

X 

/FAILURE \ 
\RATIfW ) 

REMARKS 

R 3 

Resistor 

Short 

a) 

Will result in out-of -tolerant 
delay times. 












Possible Degraded Mission 

0.01 

.0005 

99.85 

1.0 

.05 

.0005 




Open 

a) 

No SCR firing or squib 
initiation. 











to) 

Mission Failure 

1.0 

.0038 

99.85 

1.0 

.38 

.38 




Drift 

a) 

Could result in short or long 
delay time depending on 
direction of drift. 



T 








b) 

Possible Degradation 

0.01 

.0005 

99.85 

1.0 

.05 

.0005 


r 4 

Resistor 

Short 

f 

a) 

Very short delay time. 










b) 

Possible Mission Degradation 

0.01 

.0005 

99.85 

1.0 

.05 

.0005 




Open 

a) 

No SCR or squib firing. 











b) 

Mission Failure 

1.0 

.0038 

99.85 

1.0 

.38 

.38 




Drift 

a) 

Short or long delay time. 





/ 






b) 

Possible Mission Degradation 

0.01 

.0005 

99.85 

1.0 

.05 

.0005 


R 5 

Resistor 

Short 

a) 

SCR will not fire. 











b) 

Mission Failure 

1.0 

.004 

99.85 

1.0 

0.40 

0.40 




Open 

a) 

Possible premature SCR firing. 











b) 

Possible Mission Failure 

.1 i 

.032 

99.35 

1.0 

3.2 

.32 




Drift 

a) 

No Effect ' 










. 

b) 

No Effect 

0,0 

f 

.004 

99.85 

1.0 

0.40 

0.0 

. 

• 
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ELEMENT 

FAILURE 

MODE 

EFFECT CATEGORY 

FAILURE RATING 

CRITICALITY 



FAILURE EFFECT 

a SUBSYSTEM 
b MISSION 

W UJ 
M. > 

a. at 

GENERIC 

X 

(-X 10*) 

"USE“ 

FACTOR 

wt 

OPERATIONAL 

HISTORY 

K 

FAILURE ' 
RATING ! 

K Wt A 

/EFFECT^ 

VLEVEL/ 

X 

/FAILURE V 

REMARKS 









(X 10* ) 

\RATINt / 


r6 

Resistor 

Short 

a) 

Regulator will fall. 











b) 

Mission Failure 

1.0 

■ .0005 

99.85 

1.0 

..05 , 

.05 




Open 

a) 

Regulator output will equal 
input 1 minus three volts. 
Excessive power drain will 
occur In EDIM. 



. 







• 

b) 

Probable Mission Failure 

0.5 

.0033 

99.85 

1.0 

0.38 

0.19 




Drift 

a) 

Long or short delay time and 
possible SCR no fire. 



• 








b) 

Possible Mission Failure 

0.1 

.0005 

99.85 

1.0 

0.05 ' 

• 

0 

0 


R7 

Resistor 

Short 

a) 

Long delay time. 











b) 

Misston Degradation Probable 

0.05 

O 

o 

99.85 

1.0 

O.hO ' 

.02 




Open 

a) 

Delay time will be zero. 





' 






b) 

Possible Mission Failure 

0.10 

.032 

99.85 

1.0 

3.20 

• 

ro 

0 




Drift 

a) 

Long or short delay time. 





’ 






b) 

Possible Mission Degradatlpn 

0.01 

.oou 

99.85 

1.0 

o.Uo • 

.OOh 


r8 

Resistor 

Short 

a) 

Regulator output will equal 
input minus three volts. 










. 

b) 

Probable Mission Failure 

0.5 

.0005 

99.85 

1.0 

.05 

.025 




Open 

a) 

Output of regulator will equal 
input less three volts. 











b) 

Probable Mission Failure 

0.5 

.0038 

99.85 

1.0 

.38 

.19 




Drift 

a) 

Long or short delay and 
possibly no SCR firing. 











b) 

Possible Mission Failure 

©.1 

.0005 

99.85 

1.0 

.05 

..005 



/ 
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CODE 

NO. 

ELEMENT 

FAILURE 

MODE 

EFFECT CATEGORY 

FAILURE RATING 

. 1 

CRITICALITY 




r 

FAILURE EFFECT 

>- 

GENERIC 

“use" 

OfERAlKMAL 

FAILURE 

/EFFECT N 
V LEVEL/ 

X 

REMARKS 







a SUBSYSTEM 

u -J 

HI w 
It. > 

X 

FACTOR 

HISTORY 

RATING 






b. MISSION 

It. w 
Itl _l 

IX 10*) 

Wt 

K 

KWtX 

/FAILUREX 







i 



1 X 10*) 

Vratinb / 


R9 

Resistor 

Short 

a) 

No' regulator current since 
possible regulator damSge . 
during tests. 


i 

1 









b) 

Possible Delay 

0.0 

.004 

99.85 

1.0 

.40 

0.0 




Open 

a) 

No firing of SCR. 


' 









t) 

Mission Psllure 

1.0 

.032 

99.85 

1.0 

3.2 

3.2 




Drift 

a) 

Possible current since 
degradation. 












Possible Delay 

0.0 

; .004 

i 

99.85 

1.0 

0.40 

0.0 


RIO 

Resistor 

Short 

a) 

Rogu.intor Output will equal 
input . 

Possible Degradation 


f 

1 









b) 

.01 

. , .0005 

99.85 

1.0 

0.05 

.0005 




Open 

a) 

No Effect 


. ^ 









fe) 

No Effect 

0.0 

■ .0038 

99.85 

1.0 . 

0.38 

0.0 




Drift 

a) 

Negligible Effect 











t) 

No Effect 

0.0 

.0005 

99.85 

1.0 

0.05 

0.0 


RU 

Resistor 

Short 

a) 

Possible overstress of 












resistor R1 during s/A "Safe" 
condition. 


, 

99.85 









No effect. Any damage to R1 

0.0 

.0005 

1.0 

0.05 

0.0 




■ 


should be detected during 
tests. 


1 

1 








Open 

a) 

"Safe” condition cannot be 
achieved. 











t) 

No Effect except possible 
delay. 

f.0.0 

.003S 

99.85 

1.0 

0.38 

0.0 




Drift 

a) 

No Significant Effect 




. 








No Effect 

0.0 

.0005 

• 1 

J 

99.35 

1.0 

.05 

0.0 

1 
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In addition, the prohahility- that a particular- failure mode will actually 
result in a mission failure is also needed. The failure rates used in 
Table 3*3-1 were obtained from Reference 6. The portion of each component/ 
generic failure rate attributable to a specific failure mode is based upon 
data from Reference 7, engineering judgment and estimates of the component 
complexity dedicated to the functions involved in a specific component 
failure mode. 

The probability that a particular failtore mode will result in 
a mission failure was represented herein by the "Effect Level". The "Effect 
Level" -values are estimated for each failure mode using the following table 
as a baseline. 

TABLE OF "EFFECT LEVEL" NUMBERS 
Guidelines 


Actual Loss 1.0 

Probable Loss ■ 0.5 

Possible Loss 0.1 

Negligible 0.01 

No Effect 0.00 


Adjustment of the failure rates for the effects of the component 
operating environments and the time exposure to these environments was 
achieved by the use of an environmental exposure factor (Wt). The "W" com- 
ponent -varies with the stage of flight as indicated in Table 3*3-11. The "t" 
component is the time during which each -value of the weighting factor "W" is 
applicable, the cumulative value of "Wt" is applied to adjust the generic 
failure rates for the cumulative effects of the imposed EDIM environment. 
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TABLE 3 . 3- II 

TYPICAL SCOOT OPERATING TIMES AND ENVIRONMENT 


Duration 

Flight Phase t (hours) 


1 

1st Stage Bum 

.0220 

2 

1st Stage Coast 

.0035 

3 

Second Stage Burn 

.0114 

4 

Second Stage Coast 

.0014 

5 

Third Stage Burn 

.0104 

6 

Third Stage Coast 

.1052 

7 

Spin Coast 

.0020 


Weighting 
Factor (W) 

Wxt 

Cumulative 

Wxt 

1000 - 

22.00 

22.00 

500 

1.75 

23.75 

1000 

11.40 

35.15 

500 

0.70 

35.85 

1000 

10.40 

46.25 

500 

52.60 

98.85 

500 

1.00 

99.85 
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The Sipgle Failure Mode and Criticality Analysis form 
(Table 3.3-1) has a column for an operational history modifier (K). For 
this analysis K is assigned the value "1" because insufficient history is 
available for the Scout EDIM to justify the use of this factor as a 
criticality modifier. In the analysis charts given by Table 3-3-1 
the calculations proceed as follows. 

Failure Rating = (Wt) K ' 

From the Failure Rating, the Criticality is obtained as follows: 

Criticality = (Effect Level) X (Failure Rating). 

The Failure Rating is not intended for use in reliability cal- 
culations. It should be interpreted only as a factor of component criticality. 

The criticality value itself is intended only as a relative figure of signi- 
ficance between the EDIM component failure modes. The absolute value of the 
criticality has no real significance except as a relative measure of criticality. 

Table 3»3-H presents the failure mode, effects and criticality 
analyses for the EDIM. Only single order failures are considered (no multiple 
failures) and all ccanponents are assumed to be operating properly Just prior 
to the occurrence of any failure. 
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u.o testing 

This section presents a discussion of the EDIM testing needs and 
eapabllltlea. The discussion presents information regarding critical design 
elements which should be considered during formulation of the detailed 
acceptance testing and checkout procedures In order to realize the full 
reliability performance potential of the ED3M. 

The EDIM design Includes features which will enable a comprehensive 
functional verification prior to fli^t. Ilhese features are listed below. 

A. A Voltage Monitor Is provided to allow a voltage cheek at firing 
capacitors C8 and C9. The voltage Indication at the Voltage 
Mbnltor allows verification of adequate firing capacitor voltage 
and may be employed to detect any excessive firing capacitor 
leakage. Any firing capacitor capacitance change may also be 
detected by discharging the firing capacitor through the Voltage 
Monitor Resistor B12 to obtain an energy signature (time constant 
measurement). Also, with battery power applied, any significant 
change In the EDb( standby current or zener regulation will cause 
a change in the Voltage Monitor Indication. 

B. Remote start capability is provided so that the EDIM can be 
started so as to verify proper time delay performance. 

C. Included in the EDIM design are provisions which can be employed 
to verify firing of the SCR with the EDIM In the "Safe" condition. 

B. The EDIM) voltcge regulator (Zl) output can be monitored to verily 
proper voltage and to measure available Internal power operating 
time prior to loss of regulation. The internal power operating 
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time check viU reflect any degradation in capacitors C3 through 
C7 in that any significant decrease in capacitance or increase in 
capacitor leakage will decrease the internal power operating time/ 
energy available before regulation degrades. 

The above provisions/capabillties can be used to obtain a very 
comprehensive functional Integrity verification of the EDIM. Just prior to launch. 
Utilization of all of these capabilities is desirable in order to achieve the beet 
possible verification of the EDIM functional integrity. 

Verification /detect ion of the following critical parameters/ 
conditions Just prior to launch is deemed desirable to enhance ^^ reliability 
to the fullest extent possible. 

1. Capacitor Charge Voltage (C8 & C9) 

2. Capacitor Degradation, Leakage wd Capacitance Change (C3 to C9) 

3> Firing Capacitor Energy Signature (Time Constant as measured 

through R12) 

4. Internal Power Operating Time Capability 
5 * Regulator Output Voltage 
6. Time Delay and SCR Firing 

Comparisons of the quantitative values frcmi these measvirements with prior 
test data will detect degradation processes even before they have advanced 
to the severity level wherein failiure to function will resxilt. 

Additional parameters (to the six listed above) which should be 
measured directly during acceptance testing are EDIH standby current drain, 
firing capacitance (C8 and C9) and source capacitance (C3 through C7). 

PlEumed environmental testing of the HDIM Engineering Model includes 
high and low temperatinre (0°F to 176 °F), mechanical shock, and random vibration. 
See SEI 3225 for detail delineation of the environmental test levels. 
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5.0 ED3M BELIABILm PREDICTION 

A quaotltative reliability pcredlction has been performed for the EDIM. 

Tbe prediction was performed in order to obtain an EDIM reliability estimate 
to be used in comparing the EDIM reliability with that of the existing pyro- 
technic type del^ initiator. The prediction resulted in an estimated EDIM 
reliability value greater than 0.9999. Hiis value is a quantitative estlnate 
of the probability that no catastrophic piece-part failure will occur during 
its mission function period given 100^ piece-part integrity at the tlji» of 
launch. The estimate is tbe EDIM reliability based on tbe inherent reliability 
of its piece-parts. 

The EDIM reliability prediction is presented in Figure 5*0-1. Ihe piece- 
part failiu'e rates and environmental modifiers used in the prediction were 
obtained from Reference 6. Operating time for the EDIM was assumed to be 
15 seconds. Non-operating failure rates were assumed to be 10^ of operating 
failure rates. Total flight time was assumed to be 5^0 seconds of which 5^5 
seconds was spent with the EDIM in the non-operating state. 

A reliability estimate for the presently used Model SD6 qa 1 delay initiator 
was obtained using Reference 8 failure rate ( ~\ ) data. A failure rate of 
400 X lO"^ failures per hour is given for this unit when subjected to the 
environmental stresses of a Scout launch. The reliability estimate for tbe 
SD6 qa 1 unit was obtained as shown below using a flight time of 56 O seconds: 

R = e' o e- 10"S( 560 / 3600 ) ^-62.2 x 

This estimate indicates that tbe EDIM and the existing SD6QA1 have inherent 
reliability values of the same order of magnitude. However, the SD6 qa 1 pyro- 
technic delay initiator cannot be subjected to a comprehensive function cbebk, 
since it is a one-shot item, whereas the EDIM will receive such a verification 

prior to launch, Ihe high value of the predicted EDIM reliability and the 
comprehensive check-out capability of the EDIM are deemed to be adequate bases 
to expect equal or superior reliability performance for the EDIM as compered to 


the existing pyrotechnic-type delay 
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6.0 CCgrcUlSIQHS AHD BECOMOniftTiaNS 

Ibis section presents the cnncluslons and reconmeodatlons resulting 
irom the analysis results presented In this report. The condusions are based 
upon the analyses emd evaluatlcas of the proposed Q)XM Engineering Model design. 
The reconnendstlans are proposed for implemeitatloin in the EDIM Qualification 
and/or production unlts^ as applicable. Documentation of the Final EDIM 
design will be Included In cm update to this report to be Issued after com- 
pletion of the Engineering Model tests. 

Conclualons 

1. The EDIM Is capable of delivering 226^ (126^ Safety Factor) of the SSASI 
energy required for Initiation under worst case candltions. The EDIM 
firing circuit design Is considered adequate to assure reliable initiation 
of SBASI's (Reference Sectloa 3*1*1 herein). 

2. TSE EDIM timing circuit design Is capable of meeting the design requirement 
for a minimum 3*0 second initiation delay If adequate allowances are made 
to compensate for low tonperature effects when selecting timing resistor R3* 
(Reference Section 3«1*2«1 herein) 

3* The SCR Trigger Circuit design will not fire the SCR under worst case 
conditions of component parameters and low temperature (0°F) (Reference 
Section 3.1.2.2 herein)* 

4. The worst ease electrical/thermal stress levels • imposed on the EDIM piece- 
parts are within specification limits during operation of the EDIM. 
(Reference Section 3*2.2 herein). 

5* The failure mode analysis indicates the following top five critical failure 


modes in their order of criticality. 

Criticality 

1* 49*93 
2. 49*33 
3* 29*96 

4. 29*96 

5. 20.47 


Failure Mode 
Short of SCR CRl 
Open of SCR CRl 
aiort of Zener Diode CR2 
Short of Zener filode CR3 
Short or Open of UJT Q1 
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None of tbe criticality levels are deemed to be problem areas and the Q)IM test 

capability Is available for a comprehensive check of these five failure modes 

(Reference Section 3.3 herein). 

6 . The energy emalysis presented in Section 3*1«3 herein indicates that there 
will be insufficient energy In source capacitors C3 — ►CT to assure normal 
operation of the EDIM for the required 4.3 second (minimum) operating period 
at worst case conditions. 

7. The RDIM reliability prediction indicates that the EDIM find the Model SD6QA1 
delay unit both have inherent flight reliability values greater than 0 . 9999 . 

The high predicted reliability value and the comprehensive check-out capability 
for the EDIM is expected to result in a reliability performance equal to or 
better than the existing pyrotechnic type SD6 oa 1 delay initiator (Reference 
Section 5.0 herein). 

Recommendat ions 

1. Although the analysis results of Section 3.1. 1 herein show that the firing 
circuit design will provide adequate SB4SI initiation energy, even at 
worst case conditions, it is recommended that some form of quantitative 
energy verlflcatlnn measurement be performed as a part of production 
acceptance testing. 

2. As a result of the SCR triggering problem (discussion in Section 3 . 1.2. 2) 
which could occur with the SCR {Type 4o654) used in conjunction with the 
UJT (Type 2 NI 67 IC) a circuit change is indicated. It is recommended that a 
solution to this problem be found and Implemented In the EDIM qualification 
unit. Preliminary analysis indicates that selection of another UJT type in 
c(xnblnatlon with a higher regulated voltage Is a promising approach. 

3 . It is recommended that some measures be taken to assure that adequate energy 
will be available to meet EDIM design requirements for operating time under 
the worst case conditions defined in Section 3.1.3 herein. 
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U. All BNR55C or RNR 65 C reslstore should he purchased so as to avoid the 

prohlems refereheed in ALBtT Ho.. MSEC jk-OZ. (Reference Section 3.2.1 herein) 

5. Farther evaluation of the options and requirenents is reccsdnended regarding 
determination of the most desirable approach to the matter involving 
selection of timing resistor R3 during S)1N build-up. (Reference Section 
3.1.2. 1 herein) 

6. In the event that i mp ro v ed capacitors vlth a higher surge voltage rating 
(which also meet the orther H>1M requirements) become available in the 
future, replacement of C3 C9 vith the Improved components should be 
pursued to improve stress margin and to enhance EDIM reliability. 
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RiiLIABILm EVALUATION 
SCOUT FOURTH STAGE ELECTRONIC DEIAY IGNITION 
MODULE - ADDENDUM A 


1.0 GEI'iERAL 

This addendum provides the information, data and analyses necessary 
to update the original ETHM reliability evaluation document (Report No. 
2-5 ^v 232/5R-23013, released 9 June 1975) to reflect the EDIM design as 
implemented in the EDIM Qualification Unit Configuration. Included herein 
is information regarding all design changes with their purpose and relia- 
bility impact. Also included is the status of recommendations and con- 
clusions presented in the original EDIM reliability evaluation document and 
final conclusions regarding the EDIM design as implemented in the Qualification 
Unit Configuration. Section l+.O herein presents some additional data not 
presented in the original evaluation. 

The following definitions are employed in this addendum for convenience 
in the discussion of the EDIM design evolution. 

1. Preliminary Design Configuration - This is the first documented 
EDIM design configuration. It was this configuration which was subjected 

to the reliability evaluation documented in the original report. This con- 
figuration was subjected to informal Engineering testing to obtain operational 
data. 

2. Engineering Model Configuration - This is the configuration as 
modified to incorporate most of the changes resulting from the reliability 

evaluation and informal Engineering test results. This unit was subjected 
to Design Verification Tests. 
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3- Qualification Unit Configuration - This is t.hc v'l-n; iw-.r.-si u-r. 

incorporating the remaining design changes result tng i run the reliaMlK.v 
evaluation. This unit successfully completed all environmental quaiitication 
testing per 23-TRA-0244. 

h. Original Evaluation - This term will he used herein for convenience to 
refer to the original EDIM evaluation report of 9 June '75^ Report No. 2-5ii232/5R- 
2.0 DESIGN CHANGES 

'Hie following is a listing of the EDIM design changes or refinements 
which have teen incorporated into the EDIM (Qualification Configuration, 

Figure 1) since the reliability evaluation of the Preliminary Design Con- 
figuration. 

•3 

1* UJT designated Q1 was changed from a 2N1671C to a 2N49iC type. 
Discussion; This change was incorporated in order to eliminate 
the possibility of an SCR "no-flre" condition due to excessive UJT emitter 
saturation voltage, Vg (SAT), 'Whioh can occur at low temperature with the 
2H1671C. The replacement UJT Type 2 n 494C has a number of inherent parameter 
advantages including lower maximum Vg (SAT), higher minimum intrinsic stand-off 
ratio and higher minimum interhase resistance. Each of these advantages 
combine to achieve reliable SCR firing conditions even at minimum temperature. 

This UJT component selection change solves the SCR "no-fire" problem identified 
in the original evaluation as Conclusion 3/)Seconmendation 2, 

2. Voltage regulator 21, a Fairchild ^a 723 type in the Engineering 

Model Configuration, has been chai;ged to a Signet ics SE550 type 

regulator as of the Qualification Unit Configuration. 

Discussion ; The component selection change for Z1 was made due 

to the source capacitor energy budget shortage problem identified as 
Conclusion 6/1leconimendation 3 in the original evaluation. 
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FIGURE 1 EDIM SCHEMATIC 

(QUALIFICATION CONFIGURATION) 
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nie relatively high maximum stand-by current applicable to tlie fjt a 72< type 

> 

was the principal contributor to the source capacitor energy dcl'iciency. 
Selection of the SE550 type regulator in combination with the UJT change 
successfully resolved the energy problem. 

3. Circuit diodes CR4 and CR5^ which were type 1N4001 in the 
Preliminary Design Configuration, were changed to a JANTXV1N4942 
type. 

Discussion ; This diode selection change was made in response 
to the parts construction and reliability information obtained during a diode 
investigation resulting from a Scout flight anomaly. The increased vendor 
screening and superior construction of the JAinxVlJN4942 type diode will 
enhance the EDIM reliability. 

4. The EDIM J1 and J2 connector pin assignment used for the 
Engineering Model Conf iguration was subjected to reliability 
evaluation from the standpoint of EDIM function and Scout 
mission effects resulting from single adjacent pin to pin shorts 
in the connectors. As a result of this evaluation the pin 
function assignments for J1 pins 1 and 7 were interchanged. 

For J2 the pin function assignment for pin 1 was transferred to 
pin 3 (previously unassigned) leaving pin 1 unassigned (see 
Figure 1 for new pin assignment). 

Discussion ; The pin assignment changes resulted in elimination 
of five critical EDIM failure modes which could have resulted from adjacent 
pin-to-pin aborts. 
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5. A slight change from the EDIM Preliminary Design Conf igiu-at ion 
circuit architecture was incorporated as of the Engineering 
Model Configuration. This modification consisted of addition 
of resistor RI 3 and a change of the firing circuit branch point 
from the low potential side of R1 to the high potential side of 
R1 (directly to IGN/DEST BATTERY (+) potential). This new 
architecture can be seen in Figure 1. 

Discussion ; This circuit architecture modification was necessary 
for circuit checkout operation in the s/a Relay "Safe" mode but, additionally, 
the change improved firing circuit energy performance since the firing 
capacitors (c8 and C9) charge voltage will not now be degraded by the voltage 
drop across R1 as it had been in the Preliminary Design Configuration. 

6. Minimum component screening requirements have been defined and 
are given by Table 1. These screening requirements were defined 
in order to assure adequate parts reliability and in response to 
EDIM problems identified in the reliability evaluation. 
Discussion ; Of special significance among the requirements of 

Table 1 is the 15 ma maximum gate current limit imposed on the SCR-4o65^ 

(CRl). This limit is a factor in the assurance of reliable firing of the SCR 
at worst case conditions. 

3.0 STATUS OF CONCLUSIONS, RECC»MEMDATIONS AND PROBLEMS 

This section presents the status of the recommendations and problems 
delineated in the original EDIM reliability evaluation. Any significant 
change in the previous conclusions as presented in the original evaluation are 
also discussed herein. 
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3.1 Slru;le Bridgewlre Apollo Standard Initiator (SBASI) Firlns Safety Factor 

Conclusion 1 in the original evaluation stated that the EDIM is 
capable of delivering 226^ (126^ Safety Factor) of the energy required for 
SBASI initiation under worst case component and low temperature conditions 
assuming the SBASI had its minimum (-3 sigma) bridgewire thermal time constant. 
As a result of the circuit architecture change (see 2. 0-5, 'this addendum) 
the voltage applied to the firing capacitors C8 and C9 is not degraded 
by the voltage drop across Rl. This configuration results in inci'eased energy 
available to fire SBASI initiators and improves the margin above the 126^ value. 

Since the original evaluation, test data (see. Table 2) has been obtained 
indicating that the capacitance degradation of the firing capacitors due to the 
effects of lov/ temperature will be only 19.66^ at -17,8°C as referenced to the 
value efc 259 :, This degradation effect was previously calculated to be 32.1^ 
at -IT.S'^C as documented in the original evaluation. The original value was 
based on a linear extrapolation of vendor data. The new value is based on 
VSD temperature test data taken with thirteen samples of the subject capacitor 
at the applicable temperatures of 25°C and -17.8°C. Both percent change 
calculations assume that the 25°C capacitance value for C8 plis C9 is equal to 
540 microfarads which is the minimum expected value due to the applicable 10^ 
tolerance for these devices. The smaller temperature degradation effect now 
expected will result in an improvement of the expected worst case minimum 
capacitance to a value of 433.84 microfarads for the C8/C9 combination. 

This new value represents a significant improvement relative to the 366.66 
microfarads calculated for the original evaluation. The smaller degradation 
results in a greater amount of stored energy available to fire the SBASI. 
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TABLE 2 

TmPKRATUR}': DEGRADATION OF CS/C9 CAPACri’ANCK 


Original Svaluatlon Values (CO * C:') 


Ter/ipcrniiii-e 


Nominal 

Minimum 

Min imuDi 

Degraduti or 

Value 2 25°C. 

value 29°C 

Value -17.B°C 

@ -IV.B^C 

600 f Total 
(+10^’ Tolerance) 

5^0 ^f 

366.66 

* ; 2 . 1 yr 


*Vendor specifies 60^ decrease over a temperature range of 25°C to -57'^C. 


Nominal 
Value Q 25°C 


New Data Values (c 8 + C9) 


Minimum Minimum 

Value 23°C Value -1T.8°C 


Temperature 
Degradation 
'ii! -1T.8°C 


600 /* f Total 
(+10'^- Tolerance) 


‘M yU f 


^ 33.84 




^VSD Test of 1’ devices gave 19 . decrease over a temoerature rar;rc- of 25°C tc- 
-17.3°C. 


NOTE: Difference in 32. 15^ value calculated and 19.66^ value raeasured is due to 

apparent non-linearity of the temperature characteristic over a tempera oui'v 
range of ■29'’c to -55°C. 
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The combined effects of the improved circuit architecture and larger 
minimum capacitance result in a total SBASI bridgewire heating energj' of 
257^c (157'^ Safety Factor) of that required for SBASI initiation at worst 
case conditions. This 157/^ safety factor represents a 25^ improvement over 
the safety factor developed by the Preliminary Design Configuration and reported 
in the original evaluation. 

Recommendation 1 in the original e\'aluation advised that a quanti- 
tative energy verification measurement be performed for production acceptance 
testing. The results obtained dui’ing IIDIM Engineering and Qualification testing 
support the feasibility of such a measurement and the recommendation stands. 

5.2 iPIM- Timinpr Circuit 

Conclusion 2 of the original evaluation indicates that the timing 
circuit design is capable of meeting the 3.0 second minimum time delay if 
adequate compensation is made for the expected low temperature effects, when 
selecting timing resistor R3. Recommendation 5 dealt with the need to establish 
ah approach for dealing with this EDIM characteristic. The approach selected 
for the Engineering Model and Qualification Unit Configurations was to select 
R3 so that the time delay was 3.5 seconds minimim at 25°C. This approach 
is deemed adequate since it will assure that the minimum 3*0 second delay 
requirement is satisfied even at low temperature. Temperature effects will 
not cause a delay time decrease greater than the 0.5 second margin available at 
3,5 seconds as shown by the calculation in the original evaluation. Ko further 
action is indicated for this area of concern. 
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3.3 GCR Trigger Circuit Problem 

Conclusion 3 of the original evaluation indicates that the SCK trigger 
circuit v;ill not fii'e the SCK for the worst case condition of circuit psira- 
raeters and temperature. :lc commendation 2 also addressed this problem and 
suggests one promising approach to a solution. In response to this problem 
a different UJT (2 n494c) v;ith better parameters than the 2N16 t 1C unit was 
selected and SCR screening selection criteria limiting th.e maximum SCli ga..e 
trigger current (Igip) to 1> milliainperes was imposed (see Table 1). Keviscu 
calculations using the new UJT parameters and maximum show tiiat these 

CjI 

features do result in adequate gate drive to assure SCR firing at worst cr.sc- 
conditions. No further action is deemed necessary. 

3 . 4 Worst Case Slectrical/Thermal Stress Levels 

The design changes imposed since the original reliability evaluation 

have not significantly changed the stress levels as presented in the original 
report. Each of the existing corresponding piece-part/component stress levels 
have remained wltliin s iiecif ication limits and no further action is deemed 
necessary. 

3.5 Additional Failure Modes 

As a consequence of the design changes delineated in this addendum 
one additional component (P. 13 ) das been added since the original evaluation. 

An open of this resistor during flight could cause a loss of mission. However, 
due to the low failure rate for this device, the resultant failure mode criti- 
cality is low and will not raiiK omoni: the top five failure modes listed in 
Conclusion 5 of dhe orl.ginal evaluation. It should be noted that in the 
original cii-cuit architecture an open of R1 would also cause the failure 
effects now related to a short of R13. Therefore, this failure effect is not 
a new one and only be probability of its occurrence , is affected by the 
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addition of RI 3 . A short of RI 3 would cause problems only during ground 
checK-out of the iDIM. The criticality of RI 3 is not deemed to be a problem 
area . 

3.6 Source Capacitor Energy Budget 

Conclusion 6 of the original evaluation identified an energy budget 
deficiency problem for operation of the EDIM on internal circuit power (with 
energy stored in capacitors C3 through CT)* With the Preliminary Design 
Configuration there was not sufficient energy stored in the C3 through C f source 
capacitors to operate the SDIM for the minimum required 4.5 seconds with 
worst case circuit parameters at low .temperature . Recommendation 3 stated 
that some action or combination of actions -be taken to rectify the energy 
deficiency. Some possible corrective options were identified in Section 3-1- 
Page 27^ of the original evaluation. 

The cner,xy budget problem was rectified in the Qualification Unit 
Configuration by a combination of three factors as indicated below. 

1. Replacement of the UJT 2 NI 67 IC with the PWtS^dC device. 

2. Replacement of the Fairchild yu a 723 IC regulator (Zl) with a 
Signet ics SE550 IC regulator. 

3 . Test data finding that less source capacitance degradation 
occurred at low temperatures than predicted by linear extrapolation of veneer 
data, -for the original evaluation. ( 52 . 14^ degradation predicted, ly. 66 ^; mcas-ni-ed) 


D-70 


1.0 



Appendix D 


Report No. 2-5**232/5R-23CJti 

Page 12 


Factors 1 and 3 above were the oost significant in affecting ImprOTement 
of the predicted energy budget. !Ihe IC regulator (Zl) change vas made 
specifically to correct the energy budget deficiency. The selected 
SS330 regulator has a significantly lower maximum stand-by current demand 
than the ^ a 723 (2 ma versus 3*5 ma). Selection of the was made 

to resolve the SCR firing problems but also mitigated the energy budget 
deficiency because of its increased minimum Rq 3 q as compared with 
the 2NI67IC of the Preliminary Design Configuration (Rggo 6.21K ft 
minimum for 2N49^C versys U.9K/V minimum for the 2N1671C). The higher 
UJT Rgso results in less current drain. Test data verifying less than 
predicted capacitance degradation at low temperature means that more 
energy will be available in the source capacitors at the beginning of the 
4.5 second Internal power period. The combination of more source 
capacitance in C3 (C3 through C7) and lower current demand by regulator Zl 
and UJT Q1 has resulted in the energy budget performance Improvement necessEuy 
to operate on internally stored energy for the minimum required 4.5 seconds 
at worst case conditions. No further action is deemed necessary relative 
to the EDIM energy budget. 

3.7 EDIM Reliability Prediction 

The changes In the EDIM design have not been extensive enough 
to significantly affect the reliability prediction as presented in the • 
original evaluation (Conclusion 7). The magnitude of the effect of the changes 
made is within the expected error of the original prediction so as to 
not affect the reliability value of 0.9999 previously predicted. 
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3.8 Alert Status 

Recommendation 4 identified GIDEP Alert Number MSFC 74-02 for 
particular attention because of applicability to all RNR55C and RNR 65 C 
resistors. , Purchase of these resistor types for any future EDIM pro- 
duction should be performed in such a vay as to avoid the problem 
described in the ALERT. The new component types incorporated into the 
Qualification Unit Configuration EDIM were compered to the Alerts on 
file at VSD.ahd no new ALERT problem areas were detected. 

3.9 Surge Voltage Rating (C3 through C9) 

The original evaluation recommended (Recommendation 6 ) consideration 
of replacement of C3 through C9 by devices of higher surge voltage rating 
should such an appropriate higher rated device become available. Such a 
replacement would be intended to improve the stress margin achieved in the 
EDIM and thereby enhance EDIM reliability. This recommendation remains 
valid for any future production of EDIM units for Scout. However, the 
maximum surge voltage stress ratio imposed (see Table 3.2.2-11 in the 
original evaluation) is within the vendor's specification and is not 
deemed to be a reliability problem at this time due to the low duty 
cycle of this applied surge voltage. 


4.0 


MINIMUM .EDIM FIRING VOLTAGE FOR SBASI 


Figure 2 depicts the EDIM Firing Circuit Schematic as it exists 
in the EDIM Qualification Unit Configuration. Hy proceeding in a manner 
like that described in detail in the original evaluation the available 


squib initiation energy (E;^) is given by: 

2 


= /o 


t (max) 


Pidt =1 


Vo - Vt . 

“T55 Rs 


B^Cf 


I ^g-2t (max)/.RrCf_^^ 


Table 3 presents a description of the parameters and changes in the evaluatio;', 
from that presented in the original evaluation. 
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TABLE 3 

DESCRIPTIOII OF FIRING CIRCUIT PARAMETERS 


Vq = Voltage on Firing Capacitors at t =4.0 seconds (when SSASI fires) 

= V^, (CR2, rain.) - AVj^ 
where : 

(CR2, rain.) = 28.4i;17V (Qualification Test Data) 

AV' = 0.1366V (Original Evaluation) 

Li 

Vq = 28.1^417 - 0.1366 
= 28.3IV 

V,p = SCR Maxiraum Constant Forward Voltage Drop In Conduction State 
V^ = 1.60461V 

This quantity revised from original evaluation by separating the 
constant and current sensitive SCR forward voltage components. 

This technique requires revising the quantity R^ as shown below. 

^T ~ Total Ohmic Resistance of Firing Circuit Including Squib, Conductor and SCR 

Rt = 1.3Rs - Hl ^ S 

where: 1.3Ep = Rc (^ff) = Maximum Effective Squib Resistance 

5 0 

R^ = Conductor Loop Resistance (.2'3A ) 

S = SCR max. Voltage /current Slope (ohms) 

R^ = 1.3 (1.15) + 0.25 + 0,o417 

= 1.7867 A , Note Rg (eff) = 1.495 A 

C^ = 433.84 X 10"^ ^ ~ Firing Capacitance -17.8°C 

t(max) = Time to I»taximum Bridgewire Temperature 

= 0.92491 milliseconds (Evaluated same method as original evaluation) 
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Using the equation for the minimum voltage required to fire a worst case 
SBASI at worst case circuit conditions can be calculated. 
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Vq (min) = R^ 


Eft (min) 


r 3 (eff)(-^) (e-2^ (n-x)/RTCf .1) 


+ Vrr 


Eft (min) = 


(1 - e 


-2t 


(max)/R^C 


f) 


= SBASI characteristic energy (32.85 mj) 

<J = Fraction of Total Energy Availahle (.908o4) 

h (" 1 ”) ' - 36-172 


V- (min) = 1.7867 


36.172 X 10' 


(-5.79E2 X lO" ) (-0.90804) 


+• 1.60461 


= 1.7867 ~\j 68.7502 ' + 1.6o46l 
= I6.49IV 

(min) = Minimum voltage on at t = 0 which will supply 


= (min) + (leakage) 

» 16.419 + 0.1366 
= 16.5556V 


(min) = Minimum, applied voltage (to EDIM). which will result in 
initiation of worst case SBASI at worst case conditions. 

= (min) + V (CR4) 

= 16.5556 -H 0.7 ■ 

= 17.256V 


The value of (min) calculated above is the minimum battery voltage at 
which a worst case (with -30" thermal time constant) SBASI would fire at 
worst case circuit and thermal conditions. It should be noted, however, 
that the value V^ (min) = 17. 256 is applicable only to the EDIM SBASI firing 
circuit and it is not intended to represent the minimum voltage at which the 
total EDIM circuitiy will function. 
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5.0 Fimi. coMcuBiows 

The S)1M has taen subjected to a conprebene lye rellablilty evaluation 
and qualification test (see 23-DZR-17T9 f(tt- qualification test details). The 
results of the relia'blllty evaluattcm and quallf teat ion test ing Indicate that 
the EDIM design vlU satisfy the Scout fU^t reqnirenenta. 
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I. ENCLOSURES 

(1) Test Information Release (TIR A) 2-45Z02 /5R -2 
"Qualification and S^ET of Scout 4th Stage Electronic 
Delay Ignition Module (EDIM)" 

(2) Test and Evaluation Report/Reliability Assurance 
Laboratory Report No. 2-45202/5R-47, "Ignition 
Delay Assembly" 

(3) Electromagnetic Susceptibility Test Report for the 
23-004349-1 Electronic Delay Ignition Module 


II. REFERENCES 

(1) Drawing 23-004349 - Assembly, • 4th Stage Squib Elect. 

Delay Ign. Sys. 

(2) . Engineering Test Laboratory Test Request (TRA) 

23-TRA-246, "EMI Qualification Test for Scout 
4th Stage Electronic Delay Ignition Module (EDIM)" 

III. INTRODUCTION 

The Electronic Delay Ignition Module (EDIM) was designed for 
replacement of the NASA - SD60A1 "Pyrotechnic Delay Initiator" as used for 
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flight application on the Scout Vehicle. To qualify and demonstrate the suit- 
ability of the EDIM for flight application, the EDIM was subjected to tests out- 
lined in the test program of enclosure (1). The results of the tests indicate the 
EDIM has satisfactorily met the requirements of the test program and is, there- 
fore, qualified and suitable for its intended application on the Scout vehicle. A 
summary of the tests and results thereof are presented below. 

IV. QUALIFICATION TESTS 

Functional performance and environmental tests were accomplished 
as outlined by enclosure (1) and enclosure (3). Additional tests were added per 
Qualification Test Failure Report 23-QTFR-008 in Enclosure (1) to qualify the 
replaced voltage regulator of the EDIM for flight application. The type, sequence 
and details of the tests are further delineated below. 

1. Pre -Environmental Tasks 

The EDIM was weighed and was visually inspected per drawing 
(reference (1)) for physical defectSi Then an insulation resistance test was 
made between each EDIM connector pin and housing with a megohmeter set at 
500 VDC. At the completion of the "MEG" test, a functional acceptance test was 
performed. This test included two (2) types of checkout; namely, Test A, Delay 
Timing Cycle Test and Test B, Loss of Regulation Time Test. Both of these tests 
were accomplished with 30 VDC and 35 VDC alternately applied to the input of the 

EDIM. The test measurements performed for each type of test is noted below. 

Test A - Delay Timing Cycle Test 

A. Ignition Charge Voltage 

B. Squib Voltage 
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C. Voltage Regulator Output 

D. EDIM Input Voltage 

E. Time Delay 

Test B - Loss of Regulation Time Test 

A. Ignition Charge Voltage 

B. Squib Voltage 

C. Voltage Regulator Output 

D. EDIM Input Voltage 

E. Loss of Regulation Time 

The above measurements are further defined in paragraphs following 
the summary of Post-Environmental Tasks. 

2, Environmental Performance Tasks 

The EDIM was subjected to the following sequence of environmental 
tests during the qualification test program. A summary of each test is outlined 
with each environmental test. Functional performance tests were accomplished 
before, during, and after each environmental test as delineated by Enclosure (1). 
These functional performance tests included Test A and Test B noted above under 
Pre -Environmental Tasks. The pre- and post- environmental functional perfor- 
mance tests, with 30 VDC applied at room ambient, will not be noted in the 
summary. Test measurements of Test A and Test B during each performance 
test are further defined in paragraphs following the summary of Post-Environ- 
mental Tasks. 

A. High Temperature/Low Temperature - 1 cycle 

1. Stabilized at 160°F and 0°F for a maximum of four (4) 
hours. 
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2. Functional Performance Tests when stabilized at each 
temperature with 30 VDC and 35 VDC alternately applied. 

B. Temperature Shock - 3 cycles 

1. One hour minimum at 0°F and 160°F 

2. Two shocks per cycle giving a total of six (6) shocks for 
three (3) cycles. 

3. Functional Performance Test at the fifth shock at 160°F with 
30 VDC and 35 VDC alternately applied. EDIM was then moni- 
tored with 30 VDC input via oscillograph for the period 

of the fifth shock. 

C. High Temperature - Altitude - 2 cycles 

1. After stabilization at 160°F, the chamber internal pressure 
was decreased to simulate 200,000 feet within five (5) 
minutes and maintained for a minimum period of ten (10) 
minutes. The chamber was then returned to room ambient 
pressure completing one cycle. The cycle was again 
repeated. 

2. Functional Performance Test at the start of.each ten (10) 
minute period at the simulated 200, 000 foot altitude with 30 VDC 

and 35 VDC alternatefy applied. The EDIM was then monitored 
with 30 VDC input via oscillograph after, completion of 
test at 35 VDC for the rest of the environmental exposure. 

D. Vibration and Mechanical Shock - 1 cycle 

1. Vibration -9.1 CRMS for 80 seconds between 20 Hz and 
2000 Hz for each of three (3) orthogonal axes. 
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2. Mechanical Shock - Three (3) shocks of 75 G's applied 
to each direction of the three (3) orthogonal axes. A 
Total of 18 shocks were applied to the EDIM. 

3. Functional Performance Test during and between environ 
mental test of each axis with 30 VDC applied. The EDIM 
was continuously monitored via oscillograph with 30 VDC 
input. 

E. Acceleration - 1 cycle 

1. 33. 5 G's acceleration applied for two (2) minutes to each 
direction of three (3) orthogonal axes. A total accelera- 
tion time of 12 minutes. 

2. Functional Performance Test during and between environ 
mental test of each axis direction with 30 VDC applied. 
The EDIM was continuously monitored via oscillograph 
with 30 VDC input. 

F. QFTR - No. 23-QTFR-008 

The voltage regulator Z-1 was damaged during the post- 
acceleration functional performance test as explained under 
the Qualification Test Results. Additional tests were added 
via the QTFR to qualify the EDIM with the replaced regulator. 

These additional tests included the repeat of the Temperature 

2 

Shock test of paragraph B above and 10 cycles of S ET 
Vibration /Mechanical Shock rather than 8 cycles. 
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G. Temperature Shock - 3 cycles 

1. One hour minimum at 0°F and 160°F 

2. Two shocks per cycle giving a total of six (6) shocks for 
the three (3) cycles. 

3. Functional Performance Test at the fifth shock at 160°F with 
30 VDC and 35 VDC alternately applied. EDIM was then moni 
tored with 30 VDC input via oscillograph for the period 

of the fifth shock. 

H. Electromagnetic Susceptibility (EMI) 

The EDIM was functional operated while exposed to Electro- 
magnetic Susceptibility Tests per MIL-STD-461 and MIL- 
STD-462.. These tests were as follows; 

1. Test CSOl - Conducted susceptibility - 30 Hz to 50 KHz, 
Power leads 

2. Test CS02 - Conducted susceptibility - 50 KHz to 400 MHz, 
Power leads 

3. Test CS06 - Conducted susceptibility - Spike power leads 

4. Test RSOl - Radiated susceptibility - 30 Hz to 30 KHz, 
Magnetic field 

5. Test RS02 - Radiated susceptibility. Magnetic Induced 
(400 Hz and Spike) 

6. Test RS-3 - Radiated susceptibility. Electric Field, 14 
KHz to 10 GHz 
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The EDIM was deemed to have passed the susceptibility tests if it 
'fired" on time and had no spurious firings. 

I. S ET Acceptance Level Vibration/ Mechanical Shock - 10 

cycles 

1. Vibration - 6. 1 G RMS for 40 seconds between 20 Hz and 
2000 Hz for each of three (3) orthogonal axes. A total of 
30 vibration periods. 

2. Mechanical Shock - 50 G's for each of three (3) orthogonal 
axes in both directions. A total of 60 shocks. 

3. Functional Performance Test during and between environ- 
mental test of each axis with 30 VDC applied. The EDIM 
was continuously monitored via oscillograph with 30 VDC 
input. 

J. Humidity - 3 cycles 

1. The EDIM was placed in a chamber with 95% humidity and 
room temperature (humidity was maintained at 95% 
throughout the environmental test). The temperature was 
then raised to 120°F within a period of two (2) hours. The 
120°F temperature was maintained for a period of six 
hours after which it was reduced to 68°F over a period of 
16 hours, giving a total of 24 hours for one hvimidity cycle 
This test was repeated for three (3) humidity cycles or a 
total of 72 hours. 
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2 . The EDIM was not operated during the three ( 3) 
cycles. 

K . Px>st-Environmental Tasks 

An insulation resistance test was performed between each EDIM 
connector pin and housing with a megohmeter set at 500 VDC . At the completion 
of the "MEG" test, a functional acceptance test (Test A and Test B) was per- 
formed with 30 VDC and 35 VDC alternately applied to the input of the EDIM. 

The EDIM was then disassembled for visual examination. Enclosure (2) contains 
the results of this visual examination. At the conclusion of the visual examination, 
the EDIM was reassembled and a functional acceptance test (Test A and Test B) 
was performed on the unit with 30 VDC and 35 VDC alternately applied to 
the input of the EDIM . 

The functional performance tests (Test A cuid Test B noted under 
Pre -Envirozunental Tasks) included the following measurements outlined herein. 

(See reference (1) for schematic). 

1. Ignition Charge Voltage; 

Voltage applied to the anode of the SCR via the charged 
capacitors C8 and C9. This voltage is applied to the 
squib when the SCR is "fired". 

2. Squib Voltage; 

The voltage drop across a one (1) ohni resistor (to 
simulate a squib) in series with the output of the SCR. 

3. Regulator Output; 

The output voltage of the EDIM voltage regulator Z-1. 
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4. Input Voltage : 

The voltage applied to the EDIM from a power source, 

5. Time Delay: 

Time between a start command to the EDIM and the EDIM 
"firing" pulse output event. 

6. Loss of Regulation (LOR) Time: The time between power 
source turn off to the EDIM and when the voltage regulator 
Z1 voltage begins to decrease. 
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V. QUALIFICATION RESULTS 

1. Irregularities During Tests 

There were two (2) irregularities which occurred during qualification 
tests, these were: 

1. Paint became loose from the surface of the EDIM housing. 

2 . Voltage regulator Z-1 was damaged during tests, due to 
test equipment niis wiring. 

Each of the irregularities is further explained below. 

An investigation of the painting process indicated that the paint 
process specification was not complete. A cleaning step had been inadvertently 
omitted from the drawing. This deficiency was corrected by EOV 39170. The 
housing was then repainted and inspected in conformance with the required manu- 
facturing process. The repainted housing did not show any peeling during subsequent 
temperature cycling at Langley .Research Center (LRC) . 

The Voltage regulator damage, as noted by 23-QTFR-008^f^ Enclosure (1), 
was caused by misapplied voltage during the post-acceleration functional test. 

The functional tests during the acceleration environmental test required additional 
cables to connect the EDIM located at the Centrafuge and the EDIM Test Panel 
located outside the Centrafuge. The EDIM test power input cable connector was 
wired to conform to these additional cables . At the completion of the acceleration 
environmental tests, the EDIM test power input cable connector was not changed 

back to its original configuration. Therefore, at the resumption cf the post- 

% 

acceleration functional test using the regular cable configuration between the 
EDIM and Test Panel, the voltage regulator was damaged. The EDIM power input 
cable connector was then rewired to its original configuration as required by the 
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schematic in reference (1). The voltage regulator was replaced in the 
EDIM and additional tests were added and performed to ensure the EDIM 
would meet the requirements for flight application . 

2. Test Summary 

The EDIM passed all environmental tests to which it was subjected. 
A comparison of data of all the applied tests indicated the EDIM had no degrada- 
tion. Visual examination of the printed circuit board and components, after com- 
pletion of qualification teats , showed no evidence of component deterioration. 
Particular attention was given to the tantjilum capacitors. No evidence of electro- 
lyte leakage was noted. 

Also, the EDIM passed the EMI requirements during the suscepti- 
bility teats. Special "spike" tests, which deviated from the applicable MIL-SPEC, 
were performed. These tests could make the EDIM "fire" but this "fire" 
condition is not considered significant to the application of the EDIM on the 
Scout vehicle because "spike" generating devices such as relays, switches, 
etc. , are not used in the power input lines. Enclosure (3) contains results of 
the EMI tests. 

VI. CONCLUSION AND RECOMMENDATION 

The EDIM has met and satisfactorily passed all requirements of the 
test program. However, one caution should be noted relative to transients on 
the power lines of the EDIM. If in any future configuration a transient- causing 
device is connected into the EDIM power lines, evaluation and testing should be 
performed to assure that the device will not cause spurious EDIM firings. 
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The results of the test program have shown the EDIM to have no 
degradation of performance or deterioration of components during the testing. 
In addition, the EDIM operation met requirements through all environmental 
and EMI tests. Therefore, the EDIM has demonstrated acceptability for 
flight application on the Scout vehicle. 
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T« MO. 

23TRA0244 


MAOS 

1 


CeMMt.«T4 


□ •H.eOMOLBTB 


kMOCk 

SCOUT 


2-45202/5?.-; 


OATS 

11 June 197 




TITUB.6F 

TBIT 


QUAL:^ CATION AND S ET OF SCOUT 4 th STAGE ELECTRONIC DELAY 
IGNITION MODULE (EDIM) 


Enel ; 


( 1 ) 

( 2 ) 


23TRA0244 

23QTFR-008 


DATA Oil imUkTB: 

1.0 Test Requirements 

This test was performed to qualify the test specimen to vibration, 
mechanical shock, high/low temperature, temperature/altitude, acceleration and 
humidity environments which are more severe than anticipated for Scout 
Vehicle. 

2.0 Test Procedure 


The following tests were performed per enclosure (1) , except 
that 23QTER-008 (enclosure (2) ) was performed between the acceleration test 
id the S'^ET vibration and shock. During post-acceleration functional, it 
was noted that the regulated voltage read 4.4 VDC; it should have read 9.3 
VDC. Investigation revealed the specimen had been inadvertently connected 
wrong. QTFR 23-QTFR-008 was written and troubleshooting procedure was 
initiated. After completion of_the QTFR, normal testing continued, except 
there were ten (10) cycles of S'^ET instead of eight (8). Order of test: 


( 1 ) 

(2) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 

( 10 ) 

( 11 ) 


Pre-environmental 

High temperature/low temperature (qual) 
Temperature Shock (qual) 
Temperature/altitude (qual) 

Vibration (qual) 

Mechanical Shock (qual). 

Acceleration (qual) 

QTFR ,#23QTFR-008 - 

Vibration & Shock (S^ET) 

Humidity 

Post-environmental 


The test specimen was operated and monitored per enclosure (1) for each of 
the environmental conditions listed above. 


3.0 Test 

3.1 Test Specimen 


The test specimen was a Scout 4th Stage Electronic Delay Ignition 
Module (EDIM), P/N 23-004349-1. 
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3.2 Test Facilities 

Test equipment utilized -to perform the above mentioned tests is 
presented in Table 3.2, below; 


Table 3.2 - Test Facilities 


Item 

No. 

Equipment 

. 

Manufacturer 

Model 

1 

Sine/Random Control 

Ling 

SRC- 50 3 

2 

Power Amplifier 

Ling 

PP60/100 

3 

Electrodynamic Exciter 

Ling 

335 

4 

Accelerometer 

Endevco 

2221D 

5 

Accelerometer Amplifier 

Endevco 

2711A 

6 

Magnetic Tape Recorder 

CEC 

VR2800 

7 

Oscillograph 

CEC 

S-123 

8 

Rotary Accelerator 

Schaevitz 

— 

9 

Temperature/Altitude Chamber 

American Research 

— 

10 

Humidity Chamber 

Tenney 

27-0200 

11 

Real Time Analyzer 

Spectral 

301D 


" 3 Test Set UP 

Typical set-ups for the tests in paragraph 2.0 are shown in 
Figures 3.1 through 3.6. 

3.4 Test Results 

No anomalies were noted due to environmental testing. 

4.0 Test Data 

The random vibration input was analyzed using the Beal Time 
Analyzer and is presented herein as g2/HZ plots for Qual and S'^ET. The Real 
Time Analyzer settings were as follows; 

Analyzer Range - 15 Hz bandwidth and 5K Hz upper limit 
Number of ensembles - 64. 

The mechanical shock was recorded on memo-scope and a Polaroid picture, and 
is presented in Figures 4.1 and 4.2, The squib spike voltage was recorded 
on film and is presented in Figure 4.3. The. data pertaining to the operation 
of the test specimen is recorded in the data sheets of reference (a) and is 
presented herein. x 
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Figure 3.5 - Typical 

Acceleration Set-Up 


Figure 3.6 - Typical 

Humidity Set-Up 




Appendix E 


Test Information Release 


2-45202/5R-2 
Page 6 



Figure 4.1 - Mechanical 

Shock Qual 
Vert - 20 g/cm 

Horiz - 2 ms/cm 


Figure 4.2 - Mechanical 

Shock S^ET 
Vert - 20 g/cm 

Horiz - 2 ms/cm 


Figure 4.3 - Typical 

Squib Voltage Spike 
Vert - 5 V/cm 

Horiz - 500 ns/cm 
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‘ " 2-45202/5R-2 

IWtWgERIMS TEST LABORATORY TEST REQUEST < 


OATS 

U- 10-75 


TM.NO. — 

FAae 1 or 


23-TRA.-02--A 


Stece Electronic Delay Ignition Module fEDK 


Scout 


»v 

o'.D. Cl.'irk 






ACTUAL 



rafT susiNmin 

u/a 


WMIT AMISHMSHT 

N/A 


ecer. roM tbit 

2-45202 




BunroiB • oaicBiPTioM oe tbit 

1.0 PURPCSZ. 03JZCTr/E. SCOPE 


Purpose 


The purpose of this environnental qualification test is to qualify the Electronic 


Delay Ignition Module (£3311-1) design for Scout flight application by successful execution 


of the functional requirements during and after exposure to the Scout Standard Design 


'.vironnents specified herein. 


Object ive 


B»e objective of this test is to qualify the test speciaen to the following 


envlronaents/tests. 


«) 

High Temperature /Low Temperature 

b) 

Temperature Shock 

c) 

High Tenperature-Altitude 


23-63 reflect changes rrade durinr 


c) High Tenperature-Altitude | testing, rio retest required. 


d) Vibratlon/Mechanlcal Shoch 


e) Acceleration 


f) Hunidity 


g) £S»vironaental Cyclic -Life (S^CT Vibration/Shoth) ' 


•Bie level of these environr.ents as stsecified herein exceeds those levels anticl- 


•atcd Tor the intended Scout application of the £3)E-I. In addition to verification of the 


test speciaen to the qualification envornnents (a through f above) the specimen will be sur.- 


Jected^t.o 3 Scout Sto.ndard Environaental Test (S^CT) Acceptance Levbl vibrat lor, /shock c;-cl-j 


sm 








« 4 W..^ 4 
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'Oie cotTipletion of the elr^'.t Sr CT ecceptence level Vibra^ion/shocit envirooaents In 
eaabinatiOD with the qualification envircnnent exposure will qualify the design f 
the required level of Qivironmental Cyclic Life. 

1*3 Scope 

The scope of this test is to establish a level of confidence In the 
design and constiuction of the test specimen. 

1,4 Schedule 

The schedule of test shall be coordinated with the Scout Program Office, 

2.0 TEST SPECIMEN 

The test speclnen is the Scout 4th Stage Electronic Delay Ignition 
Module, p/n 23-004349-1, Qual Bhlt. 

3.0 TEST FACILITY 

This qualification test shall be conducted in the Environmental Test 
laboratory. Unit 2>45202. Ihe following test equipment or equivalent shall be' 
provided. 


Test Equiment 


(a) 

Vibration Exciter System 

Ling Itodel 335 

(b) 

Storage Oscilloscope 


(c) 

Megohnmeter 

Freed Model 1020B 

(d) 

Temperature-Altitude Chamber 

Anerlcan Resarch Corporation 

(e) 

Power Supply 0-35 Volt 

■ 

it) 

Rotary Accelerometer 

Sebaevitz B-I2 

. 1 

(g) 

Test fenel (Per .-Figure I, 
Fabricated by lab) 


(b) 

Oscilloscope Camera 


(1) 

Electronic Counter 


(J) 

Digital Voltmeter 

E-27 

(k) 

Recorders 

CEC or Sanborn (I'iag. ^pe h 
Oscillograph) 
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(1) Acceleroaetcr £^devco Model 2221 

(n) Humidity Chamber 
(n) Stop Watch 

3.2 Test Conditions 

Tolerances on test conditions shall be as follows: 

(a) Time: Plus or minus 10 percent (except when stopwatch is used) 

(b) Random (rma) Vibration Amplitude: +10 percent overall 

(c) Mechanical Shock: +10 percent 

(d) Accelerometer : +10 percent 

(e) Temperature: laboratory Ambient, 72°F + 1C)°F 

Test Condition, +5°F as measured on specimen at 
baseplate 

(f) Voltage: +1 percent ' 

{g) Humidity: 95^6 ^ 5^ Relative Humidity 
(h) Alt.itude: +5 percent 

If any of these test conditions cannot be obtained during the testing, 
the actual test condition shall be specified on the data sheets. 

3.3 personnel Requirements 

3 . 3.1 Test Director - The Test Director shall be designated by the 
Environmental Test laboratory. 

3 . 3.2 Test Monitor - The Test Monitor shall be assigned by Reliability 

Englnecrinc and will be responsible for reviewing and approving all test set-ups 
and coordination, I 

3.4 Test witness 

Government witness of test is required, 

3«5 Date Recording 

The data obtained during perfortaance of this test shall be recorded 
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U.O TEST PROCEDURE 

The test speciicens shall be subjected to the test sequence gl\’en 
below while connected as shown in Figure I. 

A* Pre-Environaental Tasks 

1, Visual Inspection 

2. Insulation Resistance Check 

3« Functional Perfornance Verification 
B* Pivironnental Perfornance (Qualification Levels) 

1. High Temperature/Low Temperature 

2. Temperature Shock 

3* High Temperature-Altitude 
4, Vibration/Mechanical Shock 


Acceleration 
6. Humidity 

7« Cyclic Life - S^ET Acceptance Level Vibration/Mechanical Shock 

ROTE: Application of environments shall be in any order except 

Cyclic Life exposure shall occur following successful exposure 
to the qualification environments listed in 1 through 6 above. 

C. Post-Sivironmentel Tasks 

1. Visual Inspection 

2. Insulation Resistance Check 


3* Functional Performance Test 
4,1 Pte- Environmental Testa 

4.1.1 Visual Inspection and Veiphing - Upon receipt. of the test specimen, 
the environmental laboratory shall visually inspect the test item to dvg no. 
23-00434’y-l for any physical defects. Measure and record weight. 
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ii.1.2 Insulation /Resistance ChecV: - Using a megohnaeter, set to 500 VOC, 
verilV insulation resistance between each pin and case for each connector. 

Record values obtained on the data sheet. See Figure 1 for schesetic. 

4.1.3 Functional Perforrar.ee Test - During the performance of pre- 
environment j environment and post-environment testing the following two 
operational tests will be required repetitively and are given here in detail 
for convenience. 

Test A - Delay Timing Cycle (KPC) Test 

1) Adjust input voltage to 30 or 35 volts (as required). 

2) Verify discharge jumper (jila to J2-2) has been in place 

for 30 seconds (minimum). 

3) Verify ignition charge voltage has reached a steady- 
state value . 

4) Remove discharge jumper, 

$) Turn power switch to "off" position and simultaneously 
start stopwatch. 

6) After power switch has been in "off" position for 

40.2 

1,5 _o 0 seconds, transfer the start switch to "Start" 
position. 

NOTE; Stopwatch low side (-0.0 seconds) tolerance is 

critical. However, the high side (+0.2 seconds) 
tolerance is not critical from the standpoint that 
values greater than 1.5 +0,2 seconds could cause 
an apparent but "false" failure symptom. Therefore, 
the high side tolerance may be allowed to exceed 0.2 
seconds so long as the resulting value does not 
adversely affect performance indications. Experience 
has found that high side tolerance values of 0.2 to 0.3 
seconds are reasonable with a stopwatch .1 or this 
measurement. 

7) Record delay time (T^) indication on electronic counter. 
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8) Obtain output voltace spike photocraph (as required). 

NOTE: In the event that a required photograph is nissed due 

to test equipment problems or operator error, another 
photograph shall be obtained without resubjectin*-. the 
specimen to applicable environ-ient(s). V/here no photo- 
graph Is required, verify spike output on scope visually. 

Test B - Loss of Regulation (LOR) Time Test 

1) Adjust input voltage to 30 or 35 volts (as required). 

2) Verify ignition charge voltage has reached a steady state 
value. 

3) Simultaneously start stopwatch and turn power off. 

4) Monitor regulator output voltage on digital voltmeter and 
stop the stopwatch iranediately when regulated voltage begins 
to decrease at LOR. 

HCTE: The digital voltmeter sample rate should be at 

maximum rate setting for this test. 

5) Record elapsed tine to LOR. 

Pre and Post-Environmental Operational Test - Prior to the start of 
environmental testing perform Test A and Test 3 of paragraph 4.1.3 as specified 
below. After completion of environmental testing, perform this test again. 

Test A at 30 volts - Output Voltage Spike Photograph required. 

Test B at 30 volts 

Test A at 35 volts - Output Voltage Spike Fholtograph required. 

Test B at 35 volts 

Test A at 30 volts - Select test panel switch narked "Load Select" 

to "fuse" position. Determine capability to 
open ^ amp fuse. 

Teat A at 35 volts - Select test panel switch marked "Safe /Arm Relay" 

to "on" position. Measure voltage at "Voltage 
Monitor" Jacks. Record in charge voltage blank 
of data sheet. Determine that i amp fuse does 
not open. 


E-31 



Appendix E 


Page 7 

4.2 Scout Standard Lnvlronmental Tests - Design Qualification 

The qualification level environments specified in this section (paragraphs 
4,2.3 through ^.2.8) shall be applied in any order. The Qivironmental Cyclic Life 
Test (paragraph 4.2.9) shall be performed after completion of the qualification 
level environments, 

4.2.1 Monitoring, and Performance Reauirenents Purlr.F: Environmental 
Application - During environmental application the following points shall be 


monitored : 




Channel 

No. 

Connector' 

Pins 

Name of Output 

Approxinate Nominal 
Voltage Level s 

1 

Jl-1 

Ignition Charge Voltage 

30 VDC 

2 

J2-6 

Squib Voltage 

OV, 20V Spike 

3* 

Jl-4 

Regulator Output 

9 VDC 

4 

Jl-3 

Input Voltage 

30VDC, 35VDC 


•NOTE: Instrumentation impedance at this channel shall be 200K ohms or 

greater to avoid excessive effect on measured LCR time and delay tine 

4.2.2 Operational Test Between Environmental Tests - Upon completion of 
a single environmental test (i.e.. High Tenperature/Low Temperature, Temperature 
SboclE, Vihration/Mechanical. Shock, etc.) and prior to the start of the next 
environmental test, the specimen shall be- returned to ambient conditions and 
subjected to the operational test of paragraph 4.1.3 Test A (at 30Vj output voltage 
spike photograph required) and Test B (at 30V) . 

4.2.3 High Temperature/Low Temperature - The test specimen, with power 
off shall be placed in a test chamber wherein the temperature is maintained at 
l60**F. The specimen shall be kept in this l6o°F environment for four hours 

or until specimen temperature as measured at baseplate is stabilized**, whichever 

occurs first. After four hours of exposure to l6o°F or at stabilization, apply 

30V power and perform the following functional test with the specimen remaining 

at 16 o°F. (Reference paragraph 4,1.3 Test A and Test B) 
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a) Perform Test A at 30V Input 

Monitor and record the following during the test: 

1) Channels 1 through U 

2) Obtain ^btograph of Channel 2 output spike. 

3) Delay Tine 

b) Perform Test B at 30V Input 

Kpnltor and record the- following during the test; 

1) Channels 1 through h 

2) LOR Time 

c) Perform Test A^t 35V Input 

Ifonltor and record the following during the test: 

1) Channels 1 through ^ 

2) Obtain photogra^ of Channel 2 output spike. 

3) Delay Time 

d) Perform Test B at 35V Input 

Monitor and record the following during the test: 

1) Channels 1 through h 

2) LOB Time 
Remove power. 

Remove the specimen from the high temperature chamber and place 
in another temperature chamber maintained at O^F. The specimen shall be kept 
in this O^^F environment for four hours or until stabilized, whichever occurs 
first. After foiar hours of exposure to 0°F or at stabilization, apply 30V 

power and perform the following functional test with the specimen remaining at 0°?. 

a) Test A at 3OV, same as a) at l60°F 

b) Test B at 3OV, same as b) at l60°F 

e) Test A at 35V, same as c) at l6o®F 

d) Test B at 35V, same as d) at l£o^F 
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Remove power, allow the specimen to attain anbient temperature then perform 
a functional test per paracraph 1.2.2. 

4.2,4 Temperature Shock - Ttie test specimen with power off, shall be 
placed in a test chamber wherein the tanperature is maintained at 0°F. The 
specimen shall be subjected to this environment for a period of one hour or 
until the temperature of the component becomes stabilized, whichever is 
longer (Stabilization is defined as 3 successive readings five minutes apart 
within 0° + 5°F) . 

After stabilization has been achieved the specimen shall be trans- 
ferred' (transfer time shall be one minute or less) to a chan'oer wherein the 
Internal temperature is maintained at l6o°F. The specimen shall be subjected to 
this temperature for one hour or until the temperature becomes stabilized, 
whichever is longer. This constitutes the first tenperature shock. 

Transfer the specimen back into the low temperature chamber (transfer 
time shall be one minute or less) and again maintain the low tenperature 
exposure for a period of one hour or until the specimen tenperature becomes 
stabilized, whichever is longer. This step shall be construed as the second 
temperature shock and the first temperature shock cycle. 

Two additional temperature shock cycles shall then be' implemented, 
they being identical to the first temperature shock cycle. During the final 
high tenperature exposure the specimen shall be operated per paragraph 4.2.U.1 
below. At the conclusion of three temperature shock cycles (six temperature 
shocks) the component shall be removed from the chamber, allowed to reach 
ambient temperature and then subjected to the Operational test of paragraph 
4.2.2. 
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4.2.U.1 Operational Teat for Teriperatm’e Sliock - The specimen 
shall be operated per parasraph **,2,2 at ambient temperature OTior to and sub- 
sequent to environmental exposure. Power shell be removed prior to placing 
the specimen into the temperature chamber. During the final high temperature 
exposure (corresponding with the fifth temperature shock) and immediately after 
being placed in the hi^ temperature chamber, power shall be reapplied and the 
specimen operated per paragraph t,l.3. Tests A and B at 3 OV then Tests A and B 
at 35V. After completion of the 35V test reduce the power to 3 OV and continued 
to monitor the specimen for the full period of higlr temperature exposure. Just 
before placement of the specimen back into th e low temperature chamber, remove 
power. 

U.2,5* High Temperature-Altitude - Ihe specimen with power off shall be 
placed in a test chamber. The internal temperature of the chamber shall be ' 
Increased and stabilized at l6o°F. After stabilization? the internal pressure 
of the chamber shall be decreased to simulate 200,000 feet altitude (i.e., 0.148 
mm of fig) within five minutes. This simulated altitude shall be maintained for 
a period of ten minutes minimum. Initiate environmental functional test per 
paragraph U.2.3.1 below at the beginning of the ten minutes altitude period. After 
completing the altitude exposure the internal chamber pressure stall increased 
to laboratory ambient. This constitutes one complete temperature-altitude 
cycle. The specimen shall be subjected to two such cycles, at the conclusion of 
which the component shall be removed from the chamber, returned to laboratory 

. ' I 

ambient conditions and operated per paragraph 4.2. 5.1 below. 

i 

j 

♦Stabilization is defined as three successive readings five minutes apart within 
♦5°F of the sneclfied test temperature. 1 

- * . . I 

! " 
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4.2,^.! Opcratlonnl Teat for Temperature -Altitude - 1.116 
specimen ^all be operated per paragraph U.2.2 at anblent temperature prior 
and subsequent to environmental exposure. Power at 30V shall be applied 
Immediately after reaching the simulated 200,000 feet altitude. During both 
of the ten minute temperature-altitude exposures perform an operational test 
per paragraph 4.1,3 Tests A and B at 30V then Tests A and B at 35V. After the 
35V test is complete, reduce the applied voltage to 30V and monitor the 
specimen until the end of environmental exposure. Re-establish ambient con- 
ditions prior to performance of the paragraph 4.2,2 operational test after 
temperature-altitude exposure. 

4.2.6 Vibration /Mechanical Shock 

4.2. 6.1 General 

A. The test specimen shall be rigidly attached to the 
exciter and shall be functioning in accordance with the provisions of this 
test request during the entire test period, 

B. The test specimen shall be perfomance evaluated during 
vibration/mechanical shock test, 

C. The magnitude of applied vibration and mechanical shock 
shall be monitored on the test fixture near the specimen mounting points. 

D. The vibration and mechanical shock shall be applied 
sequentially in each axis prior to changing to the next axis for test. 

4. 2 .6. 2 Onpl-ifjppt.lnn T<>vel Vibration Vnvirpr.T-ertftl Test - 
Vibration test shall consist of performing the test sequence specified in 
Table A in each of three orthogonal axes. Itie axes are defined in Figure II. 
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TABLE A 

VIBRATIOH TEST LEVEL 

TEST DUEWTION PBEQUUfCY RAIIGE ACCELEBATIC^ 

PER AXIS (Hz) BAHDOM (G RMS) 

(SECONDS) Lower Upper Ref. 

80 20 2000 9.1 

Qualification Test Spectra 
Per Figure III 

4.2.6. 3 Mechanical Shock Envlronaental Test 

A. The test specimen shall be subjected to impact shocks; 
each pulse shape shall be terminal sawtooth having a duration a 6 -f 1 milli- 
seconds. 

B. There shall be 3 shocks of 75 g*s applied in each of the 

two directions for eaCh of the three mutually perpendicular axes (18 shocks total). 

C. A poloroid photograph or equivalent shall be made of 

the first pulse in each direction in each axis of shock applied to each specimen, 
(it shall not be necessary' to photograph every shock pulse provided the first 
ones are within tolerances or unless the test set-up is changed.) 



Shock - Prior to the start of environmental testing, an operational test per 
paragraph 4.2.2 shall have been completed. During environmental test in each 
axis, the specimen shall be monitored per paragraph 4.2.1 and operated per 
paragraph 4.1.3 A at 30V (Output Voltage Spike Fhotograph required). Between 
axes, operate the specimen per paragraph 4.1.3 B at 30V. After completion of 
the Vibration/Mechanieal Shock Test, perform the operational test of paragraph 
4.2.2. 
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Acceleration 
i».2.7>l General 

A. The test specimen shall he rigidly attached to the 

eeatrifuge. 

B* The test specimen shall be mounted and oriented so 
as to receive the specified acceleration along the axes defined in Figure II . 

C. The specified acceleration applies to the geometric 
eenter. of the specimen. 

0. The centrifuge arm (as measured to the geometric 

eenter of the specioex^ shall be at least five times the dimension of the 

speelaen (measiired along the arm). 

£• The test specimen shall be operated and evaluated 

daring the acceleration test. 

Tm The specified acceleration level shall be applied 

sequentially in each direction in each axis. 

t.2.7.2 Acceleration - Apply 33.5 g's acceleration in each 
direction along each orthogonal axis for two minutes each application. 

Perform operation and monitoring as specified in paraepraph 4.2.7. 3 below. 

! 

t.2.7»3 Performance Requirements During Acceleration - Prior 
to the start, of environmental testing, an operational test per paragraph 
t.2.2 shall have been completed. During each acceleration application the 
speelswm shall be monitored per paragraph, 1.2.1 and operated per paragraph 1.I.3A 
3OV (Output Voltage Spike Ihotograph required). Between acceleration applications, 
operate the specimen per paragraph U.I.3B at 30V. After completion of the 
Aeeeleration Test, perform the operational test of paragraph 1.2.2. 
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U.2.Q Hunldlty 

4.2. 8.1 General - The speeiaen shall not be operated vhlle 
vithln the hunldlty chamber. 

i».2«8.2 Humidity Environaental Test - The timer shall be placed 
In a hunidit test chamber where the relative humidity is 93^ at ambient 
temperature after which the temperature of the chamber shall be increased to 
120®F within a period of two hours. The relative humidity throughout the 
eovircmmental test shall be maintained at 9?^*. Maintain 120^ temperature for 
a period of six hours after which the temperature shall be reduced to 68^F over 
a period of l6 hours. The end of the l6-hour period shall constitute one 
humidity cycle. Beginning at the 6S^F temperature point, another cycle shall 
be ecopleted and then another for a total of three complete humidity cycles. 

At the completion of three humidity cycles, remove the specimen from the 
environmental chamber and wipe away any excess moisture accumulated during 
humidity testing. At this tine, p^form the functional test per paragraph 
4«2.6.3 below, ^ 


4a2.6.3 Ke and Post-Humidity Operational Test - Rrior and sub- 
sequent to the humidity test operate the specimen per paragraph 4.2.2. 

4.2.9 Ftavironnental Cycle Life 
4.2.9. 1 General 

A. The specimen shall be subjected to eight cycles of 
Acceptance Level Vlbration/Shock environments. 

B. Generali notes specified in paragraph 4. 2. 6.1 also apply here. 

2 

4.2.9.S S FT Acceptance Level Vibration - Perform the test sequence 

2 

specified In Table B in each of 3 orthogonal axes. The S £T Acceptance level 
Vibration Test Spectra are given in Figure II. Eight cycles of vibration are required 
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TABLE B 


VIBRATION TEST LEVEL 


TEST DURATIOR 
PER AXIS 
(SECONDS) 


FREQUENCY RANGE 
(Hz) 


Lover Upper 


ACCELERATION 
RANDOM (C R:1S} 
Ref. 


20 2000 6,1 

Perform operational test and monitoring per paragraph 4.2.9. *<•. 

4,2.9«3 Acceptance Level Shock 

A. The test specimen shall be subjected to impact shochs 
vith a terminal savtooth pulse shape having a 6 + 1 millisecond duration. 

B. Biere shall be one shock of 50 g‘s applied in each of the 
two directions for each of the axes defined in Figure II for each shock cycle. 
Eight cycles of shock are required, 

C. A photograph shall be c^de of the first pulse in each 
direction. (It shall not be necessary to photograph every shock pulse provided 
the first ones are within tolerance and no set-up changes are cnade.) 

4,2. 9, 4 Performance Requirements During Acceptance Level Vibration ^ 
Mechanical Shock - Prior to the beginning of the vibration/shock environmental 
exi>osure, an operational test per paragraph 4,2.2 shall have been completed. 
During environmental test in each exis, the specimen shall be monitored per 
paragraph 4,2.1 and operated per paragraph 4.1,3 A at 30V. Between axes, operate 
the specimen per paragraph 4.1.3 B at 30V. After completion of the Vibration/ 
Mechanical Shock Test, perform the operational test of paragraph 4,2.2. % 


4.3 Post Environmental Tasks 

4,3*1 Post- Insulation Resistance Check - Perform insulation 
resistance test per paragraph 4.1.2. 

4.3*2 Post-Environmental Test - Perform operational test per paragraph 4.I.U. 
4,3*3 Visual Inspection - After completion of environmental testing, 
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5.0 aCCBSS/FAmjRE CRITERIA 

Noo-eoopllance with the requirements specified herein shall he considered 
a failure, 

6.0 REPOBTHIC OF MALFUNCTIOtC 

Failure of the test specimen to meet the requirements of this test r eque st 
fhiill he recorded on Qualification Test Failure Report (Q3TR) Form No. 3' 53201. 
All applicable items on the report shall he completed hy the originator. 

The originator's copy of the QTFR shall he retained hy the Test lah. 

The master and all remaining copies shall be forwarded to Reliability Assurance. 

7.0 DATA SHEETS 

A reproducible copy of this test request and completed data sheets shall 
be placed in the components logbook upon completion of tests. 
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FIGURE III 

VURATIOII TEST SPECTRA 
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IBE>B':VlBCtQffitf:AL TEST liAtA SEEET 

Tliual Cheek - 1/**^ (i/ If dt)i tJeight 

Itogulatton Resistance Cheek 


Fia to Case 

Ha Ito. 

Jl-I 

-2 


Resistance 
Bsquired Minlnun 
(aegohcs) 

5 

5 


-3 

-5 

Jl-7 


1 

1 

I 

1 

1 


J2-1 


2 


-2 


2 


-3 1 

-4 1 

-5 

^ 1 

J2-7 1 


X3 7 


Verify (✓) 
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IB-Bf\riR03QeinAL TEST DATA SKE^ 


%.1.4 Fteetlonal Perforcanee Test 


Test A et 3^ Ibput, Output Spike Riotograph R^ulred 
Cha Wo» Description Measurenent 

1 l^ltloo Charge Voltage ?^.M • 

2 Squib Voltage o 

Squib Voltage Spike* A X. 

3 Regulator Output ^.3 3^ 

k Ikiput Voltage 3S 

I/A Ttas Delay (t^) J.733 


Required Value 

. IK so ‘IS 

29.8 ♦ 1.6V. Before t^ 

0 ♦ .OlV Before t. \& 
“ ♦lOV ® — 

20 _2V Peak at t^ 

9.0 * 0.5/ UbtU LOR 

35V ♦ .OlV 

3.T * 0.6 Seconds 


Test B at 39T Input 

Cha Be. Description 

1 Sinitlon Charge Voltage*. 

2 Squib Voltage 

3 Regulator Output 

A Biput Voltage 

i/a ICR Tloe 


Weasurecent 






ML 


Required Value 
29.8 * 1.6v Before t^ 
0 * .OlV Before t^ 
9.0 ♦ O.BT UtitU LCB 
35V ♦ .OlV 

5.2 Seconds (Mlnlnua) 


*l90 7i 



SNeasure Spike Peak Voltage Pros Ihotogcmph 
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PRE-DimolOffillTAL TEST MTA SHEET 


4,1,4 Functional Perforrainee Test 

Test A at 30V Input (Load Select in "Fuse" Position) ■ 


Cha No. 

Description 

Measurement 

Required Value 






29.8 + 1.6V. Before t^ 

#6 30 75 

1 

Ignition Charge Voltage 



2 

Squlh Voltage 

o 

0 + .OlV Before t^ 

\S LS ■, 


^ulb Voltage Spike 


Verify Fuse Opens 



3 

Begulator Output 

9.a<i 

9.0 + 0.5( Uhtll LOR 

1 

1 ^ 

4 

Input Voltage 



30V ♦ .OlV 

1 

1 

2 

Squib Voltage Spike 


Verify Spike Output at 

"d 
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IBE-mVIROSMEI^AL RST 
DKTk SESSS 

U.l.U runet tonal Perforaaaee Teat 

*e»t A «t3S^ Input ("Safe Azn Belay" Switch "On") 


Cha Ho. 


IteseriTitlon 


MeasQTCQcnt 


1 Xsnltlon Charge Voltage 3. of 

2 Sqalh Voltage C> 

Squib voltage Spilo* ^ 

3 Begulator OutpoK ^*30 

k Sapet voltage 

2 Squib Voltage Spike ^ 


Required Value 

3>15 1 0.2V Before t^ 

P ♦ .OlV Before t^ 

Verily Fuse Does not 
Open 

9*0 ♦ 0.$V Uatll ICR 

35 ♦ .01 
Vbrl^ Spike Output at t 
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■ IM1A SHEET 

*1.2.2 Operational Test 

Pre-test for High Temperature/Lov Temperature 


Vest A at 30V i&iput, output SplXe Riotograph Required 


Cha Ho. 

Description 

Measurement 

1 

Ignition Charge Voltage 

li.is - 

2 

Squib Voltage 

0 


Squib Voltage Spike* 


3 

Regulator Output 


k 

Ibpat Voltage 


x/a 

Tine Delay (t^) 


Vest B at 

3OV Input 


Cha Ho. 

Description 

Measurement 

■ 1 

Ignition Charge Voltage. 



2. 

Squib Voltage 

0 

3 

Regulator Output 

f-3/7. 

A 

Input Voltage 


h/a 

LOR Tine 

_sj_ 


I 


Required Value 

** 30 7S 

29.8 ♦ 1.6V. Before t. 

0 ♦ ,01V 

-lOV 


20V 


-2V 


9.0 ♦ 0.5V 
30V ♦ .OlV 

3.7 ♦ 0.6 


Before t. v 
^ak at t 

\ 

Ubtll LOR 


Seconds 


Required Value 
29 . 3 ♦ l,6v Before t^ 
0 ♦ .OlV Before t^ 
9.0 + 05V Until LOR 

30 ♦ V 

5.2 Seconds (Kinlsun) 


OO jg 
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23>TRA>0Si»)» A 

1^ 2c 


^•2*3 High Tenperat'jre 


Vest A at 3OV Input, Output Spike Fhotograpix Required' 


Cha Ho» Peaerlptlon Measurenent 


1 Ignition Charge Voltage J9.S 

2 Squib Voltage 0 

Squib Voltage Spike* a 

3 Regulator Output J.37-' 

4 iBput Voltage AOtOO 

i/a Tine Delay (t^) .T.75 


Seat B at 30^ Inpit 


Cba Wo, 
1 
2 

3 

4 

i/a 


Description Measurecent 

Ignition Charge Voltage*. Q 

Squib Voltage o 

Regulator Output 9. 3 3 

Input Voltage JiP.O 

LOR Time 


Required Value ** -y 


29.8 ♦ 1.6V. Before t^ 


20 


♦ .OlV 

•'+10V 

-2V 


9.0 ♦ 0^ 

30V ♦ .OlV 

3.7 ♦ 0.6 


Before t^ 
•Peak at t. 

Q 

IMtll LOR 
Seconds 



A 


Required Value 
29.8 ♦ 1.6V Before t^ 
0 ♦ ,01V Before t^ 
9.0 ♦ 0.3V Iftitil Lca 
3OV ♦ ,01V 



3.2 Seconds (Mi n laun) 



^measure Spike Peak Voltage PVoo Photograph 
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Wtk SHEET 

Hica temperature/low tekpepatore 


4.2.3 

High Tenperature 

0 




Teat A at 35 V Liput, Outpxit Spike Photograph Required 



Qia No. 

Description 

Measureoent 

Required Value 





**30q 

1 

Ignition Charge Voltage 

SO- 9 

29.0 ♦ 1.6V. Before t. 

— U 1 


2 

Squih Voltage 

0 

0 ♦ .OlV Before t. ' 



Squib Voltage Spike* 

,-Aa. 

20V Peak at t^ 

A 

3 

Regulator Output 


9.0 ♦ 0.5V Uhtll LOR 


k 

Input Voltage 

35.0 

35V ♦ ,01V 


■/a 

Tiae Delay (t^) 

^21— 

3.7 * 0.6 Seconds 


Test B at 35 V Input 




Cha No. 

Description 

Measurecent 

Required Value so « 

1 

I^ition Charge Voltagir. 

■30. 9 S 

29»8 ♦ 1.6v Before t^ 

2 

Squib Voltage 

0 

0 ♦ ,01V Before t^ ' ' 


3 

Regulator Output 

9.33 

9.0 * 0.5V Until LCR 

I' 

k 

Input Voltage 


35 * .OlV 

1 

n/a 

LOR Tine 

-JLl 

5.2 Seconds (Minliaua) 



^measure Spike Peak Voltage Ftoa Photograph 
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WSA SXEUt 

HUa TB-ffta<ATURE/LOW TgCPERATURE 
W.2.3 Low Temperature 


Test A «t 30 V laput , Output Spike Fbotograph Required 


Cha Ko» Deeerlption Meas u r en en t 


1 l^ltion Charge Voltage - 

2 Squlh Voltage q 

Squib Voltage Spike* jg? 

3 Regulator Output 9.30 

k Ihput Voltage 3D-0 

i/a Tlae Delay J. 7o% 


Teat B at yst Input 

Cha Ho« Description Measurecent 

1 Ignition Charge Voltagir. 

2 Squib Voltage Q 

3 Regulator Output 7, 3o 

k Input Voltage O 

b/A lor Tine 7.7 


Required Value 


29,8 ♦ 1.6v. Before t^ 


0 * .OlV 
”+10V 

a> .av 

9.0 + 0.5V 


Before 
Peak at t^ 
until LOR 



3 OV ♦ .OlV 

3.7 * 0.6 Seconds 


Required Value »<> tj 

29.8 ♦ 1.6V Before t^ 

0 ♦ .OlV Before t^ 

9*0 * 0.$V Uhtll LCR I A 
3 OV ♦ ,01V 

5.2 Seconds (Minlaua) 


aileasure Spike Peak Voltage PToa Photograph 


E-53 



Appendix E 


23-TRA-OeUU A 

Ffege r 


SATA SHEZr 

HIGH TIMPZRA7URE/LCW TEMPERATURE 


U.2.3 Low Temperature 

Test A at 35V Input, Output Spike Riotograi^ Required 


Cha No. Description MCasurencnt 


1 Ignition Charge Voltage 3.9. / 

2 Squib Voltage O 

Squib Voltage Spike* A/ 

3 Regvilator Output 9. 36 

A Input Voltage 

H/a Tioe Delay (t^) 3. 7o% 


Required Value 



29.8 + 1.6V. Before t^ 

0 ♦ .OlV Before t. 

-+10V d 

20 .2V- at t^ 

9.0 ♦ 0. 5V Ufltll LOR 

35 1 .OlV 

3*7 * 0.6 Seconds 



Teat B at 35 V Input 

Cha Ho. Description Mensuarensent 

1 Ignition Charge Voltage-. Jf.X¥- 

2 Squib Voltage C> 

3 Regulator Output f. 36 

k Input Voltage ^ ^3 

»/A lor Tine g.V 


Required Value 
29,8 ♦ 1.6v Before t^ 
0 ♦ ,01V Before t^ 
9.0 ♦ 0.5V Unta LOR 
35 ♦ .OlV 

5*2 Seconds (Mlnlauo) 


Ka so Tj 





«Measure Spike Peak Voltage IVod Photograph 
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DATA SHEET 


^.2*2 Operattftnal Test 

Poat-Test for High Tenperature/low Temperature 
Teat A at 30V Liput , Output Spike Photograph Required 


Cha Ho. Deaeriptioa Meaaureaent 


1 ISnition Charge Voltage 

2 Squib Voltage f) 

Squib Voltage Spike* 

3 Regulator Output J.3f 

k Input Voltage 30.O 

%ik Time Belay (t^) 3.7H 


Teat B at jqV Input 

Qw Wo. Description Measurement 

1 Ignition Charge Voltage*. M.H7 

2 Squib Voltage Q 

3 Regulator Output 

k Input Voltage O 

2/k BOR Tine ^.7- 


Required Value 




29>8 * 1.6v. Before t. 


0 ♦ .OlV 
~ ♦lOV 
20 .2V 

9.0 + 0.5V 

30V ♦ .OlV 


Before t^ 
Peak 

UbtU LOR 


3«T * 0.8 Seconds 




Required Value 
29.8 ♦ 1.6v Before t^ 
0 + .OlV Before 
9.0 * 0^/ until LCR 
30V ♦ .OlV 

3.2 Seconds (Mlnlaua) 


I 


•Measure Output Spike Peak Voltage Flrao Ihotograpb 
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A 


MIA SH-iT 
TQ<PE»ATUR2 SHOCK 

4*2 >2 Operationol Teat 

Pre-Test tar Temperature ShocK 


Test A at 30 V Liput>output Spike Riotpgraph Required 


Cfaa No. Deaerlptlon Measurenent 


1 Ignition Charge Voltage ^ 5 • 

2 Squlh Voltage Q 

Squib Voltage Spike* Sil 

3 Regulator Output f*3l 

U input Voltage 30>O 

1/A Time Delay (t^) 3. 7// 


Test B at 30 V Input 

Cha Ho« Description Measurement 

1 Ignition Charge Voltage*. 

2 Squib Voltage o 

3 Regulator Output f.3f 

k Input Voltage 30>O 

n/a Lt» Time 


Required Value 


75 


29.8 ♦ 1.6y. Before t^ 
b + .OlV Before t . 

20 *2v'^ Peak at t^ 
9.0 ♦ 0.5V Uhtll LOR 
3OV ♦ .OlV 



3*7 * 0.6 Seconds 


Required Value 
29.8 ♦ 1.6v Before t^ 
0 ♦ .oiv Before t^ 
9.0 ♦ 0.5 V UntU LOR 


»w 1 75 



30 ♦ ,01V 

5.2 Seconds (Minlnun) 


•Measure output Spike Peak Voltage From Photograph 
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DATA SHEET 


1^.2. U Temperature Shock 

Test A at 33V Input , 


Cha Ho» Description Measurement 


1 Ignition Charge Voltage .?q. 2, 

2 Squib Voltage g> 

Squib Voltage Spike ^ 

3 Regulator Output 9.3 1 

4 Input Voltage p 

H/A Time Delay (t^) '3.i>9o 


Test B at 33V Input 

Cha Ho. Description 

1 Ignition Charge Voltage*. 

2 Squib Voltage 

3 Regulator Output 

4 Input Voltage 

H/a lor Time 


Measurereent 

9..H 






Required Value 


29.8 ♦ 1.6v. Before t^ 

0 ♦ .OlV Before t^ 
Verify ( / ) at t^ 

9.0 ♦ 0.5V Until LOR 
35 ♦ .OlV 

3.7 * 0.6 Seconds 



A 


Required Value 
29.8 ♦ l,6v Before t^j 
0 ♦ .OlV Before t^ 
9.0 ♦ 0..5V:jntll LCR 


1 7j 



A 


35 .OlV 


3.2 Seconds (Hiniaua) 
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BequlreJ Value 


l 15 


29*8 * 1.6v« Before 
0 ♦ .Cav Before 
20 Peak at t 

9*0 ♦ 0.9T IktU LOR 
30V ♦ .OlV 
3»T ^ 0.6 Seconds 


Required VSlue ^ i 75 

29«S ♦ l,6v Before 
0 ♦ ,01? Before V \sZS^ 
9.0 ♦ 0.5V UatU X£R |a 
3 OV ♦ .OlV 

5*2 Seconds (Minlauo) 
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MU SHEET 

Hica TPgERATURE-AIirrrUDE 

4,2.2 Operational Test 

Operational Pretest for High Tenperature-Altltm^e 
Test A at 30V Input , output Spike Photogra;^ Required 


Cha Wo. Description Measureaent 


1 Ignition Charge Voltage 

2 Squib Voltage £> 

Squib Voltage Spike* S.hS 

3 Regulator Output J-3t 

A Input Voltage O 

■/a Time Delay (t^) 3. 7tS 


Test B at 30V Input 


Cha Bo. 

1 

2 

3 

A 

h/a 


Description Mcasxiregent 

Ignition Charge Voltaget 3^, 

Squib Voltage 0 

Regulator Output J / 

Input Voltage 

LOR Tine %• 


\ 


Required Value 


29.8 ♦ 1,6V. Before t. 


«r i 


0 * 

20 


.OlV 
+10V 
-2V 
9.0 ♦ 0.5V 
30 ♦ .OlV 

3.7 ♦ 0.6 


Before t^ 
Peak at t^ 
Uhtil LOR 


Seconds 


Required Value 
29.8 + 1.6v Before t^ 
0 ♦ ,01V Before t^ 
9.0 * 0.5V Until LCR 



30 ♦ .OlV 

9.2 Seconds (Klniaus) 


•tleastirc Output Spike Peak Voltage from Photograph 
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MIA SH^r 

Hica TPOPglATURE-ALTITUDE 
CTCI£ 1 

4*2. 5*1 Operational Test for Tenperature-Altttude 

Teat A at 30V Input 

fti» yo. Description Measurement Required Value 


*» 1 TS 


1 

Ignition Charge Voltage 


29.8 ♦ 1.6v. Before t^ • ^T* 2 v 
0 ♦ .OlV Before t^ 

Verify 

2 

Squib Voltage 

a 


Squib Voltage Spike 

y 

3 

Regulator output 

?.33_ 

9.0 ♦ 0 . 5 V UQtil LOR 1 A 

k 

Mpixt Voltage 

7^0 

30 > .OlV 

V/A 

Time Delay (t.) 

3.74 

3,7 ♦ 0.6 Seconds 


Teat B at30 V Inpzt 


CDa Ro. 

Description 

Measurement 

Required Value _ . 

1 

Ignition Charge Voltage*. 

2?. or 

29.8 + 1.6v Before t. 

— “ (Tit A 

2 

Squib Voltage 

-0- 

0 ♦ ,01V Before t^ 

3 

Regulator Output 

y-3? 

9.0 + 05V Until Lca jA 

t 

Input Voltage 

■?g- 

30 ♦ .OlV 

i/a 

LOR Time 



3,2 Seconds (Hinlnun) 
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23-TRA-OeW* A 

Ibee 37 


DATA SHEET 

HIGH TEMPERATURE-ALTITUDE 
CYCLE 1 

Operational Test for Tenperature-Altltude 


Test A at 33y Input 


Cha No. 


Description 


Measurement 


1 

2 

3 

U 

h/a 


Ignition Charge Voltage 3^- ^ f 

Squib Voltage O 

Squib Voltage Spike ^ 

Regulator Output : " 9.3 3 

Input Voltage ■ D 

Time Delay (t^) 


Test B at 35 Input 


Cha Ho. Description ' Measurement 

1 Ignition Charge Voltage. ^ ■?// c5 

2 Squib Voltage f) 

3 Regulator Output ?. 3 3 

A Diput Voltage 

Hlk LOR Time //.? 


Required Value 

« , w 1 J5 

29.8 ♦ 1.6V. Before t^ 

0 ♦ .OlV Before t^ I 
Verify ( ^/ ) 

9.0+ 0.5V Until LOR 
35 + .OlV 

3*7 ^ 0.6 Seconds 

m'l'Ti' 

Required Value 
29.8 ♦ 1.6v Before 
0 ♦ ,01V Before t^ 

9.0 ♦ 0.5V Until LOR | A 
35 ♦ .OlV 

5.2 Seconds (Mininun) 





Appendix E 


23 -TRA- 0 eU>» A 


DATA SHEET 

HlCa TE!Pg>ATUHE-ALTrrUD5 
CYCLE 2 

Operational Test for Temnerature-Altttude 


teat A at 30V Input 

Cha Ho. Deaeriptlon Heasureaent 


1 Ignition Charge Voltage 3L?. i> 

2 Squib Voltage O 

Squib Voltage Spike 

3 Regulator Output 9-3 3 

A Ikiput Voltage ,^0- 1> 

i/a Tlae Delay (t^) 3 -7A 


teat B at 30 V Input 


Cba Ho. 
L 
2 

3 

A 

i/a 


Description 

Ignition Charge Vpltagir. 
Squib Voltage 
Regulator Output 
Daput Voltage 
LOR Tloe 


Measureaent 

Q 

9-33 _ 


Required Value 

29.8 ♦ 1.6v. Before t^ 
0 ♦ .OlV Before t^ 

Verify {/^ ) ^ 

9.0 * 0.5V until LOR 

30 > .OlV 

3*7 * 0.6 Seconds 


Required Value 
29.8 ♦ 1 . 6 v Before t^ 
0 + .OlV Before t^ 
9.0 ♦ 0.5V UntU LCa 
30 ♦ .OlV 

5.2 Seconds (Hlnlnua) 



Appendix E 


23-TRA-02U4 A 

th£9 2^ 


data sheet 

HICM TEMPERATURE-ALTITUDE 
CYCI£ 2 

4.2, 5.1 Operational Test for Tense rctiere -Altitude 

Test A at 2'V Input 


Cha Ho. Description Measurencnt 


1 Ignition Charge Voltage 

2 Squib Voltage o 

Squib Voltage Spike 

3 Regulator Output ?. 3 5 

4 Input Voltage 

H/a Tine Delay (t^) 3.77 

Test B at 35y Input 

(•ho ffn. Description Measurement 

1 Ignition Charge Voltage-. ? 

'2 Squib Voltage Q 

3 Regulator Output J.33 

4 Input Voltage o 

H/A lor Tlae If. t 


Required Value 

29.8 ♦ 1 . 6 v. Before t^ tw 1 is 
0 + , 01 V Before t^ 

Verify (w^) at t^V^" 

9.0 + O^V Until LOR |a 
35 i .OlV 

3*7 '*■ 0.6 Seconds 


Required Value 

■ ■ • “ W 1 75 

29*8 + 1.6v Before 
0 ♦ ,01V Before t^ 

9.0 ♦ 0.5V Until LCR I A 
35 + .OlV 

5.2 Seconds (Mininun) 
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WSA SHEET 

HBa Tfcrt^wftTtlRE -AlffmJDE 

ku2,2 Operational Test 

Operational Post-Test for High Teaperature-Altitude 
Test A st 30V Input, Output Spike Riotograph Required 


Cha No. Description Measureaent 


1 Ignition Charge Voltage ^ 

2 Squib Voltage g? 

Squib Voltage Spike* 3. L 5 

3 Regulator Output y. J / 

t Ibpat Voltage x^O.o 

H/A Tine Delay (t^) 3. 7J! 

test B St 3g«r Input 

Cha Ho. Description Meesurecent 

1 I^ltion Charge Voltage-. f 

2 Squib Voltage O 

3. Regulator Output 3/ 

k fiiput Voltage 30’^ 

h/A DOR Time 


23>TRA-024UA 
Bage Uo 


Required Value 
29.8 ♦ 1.6V. Before t. 




i rs 


0 ♦ .OlV 

TIOV 


20 


-2V 


9.0 ♦ 0,9^ 
30 ♦ .OlV 
3.7 ♦ 0.6 


Before t^ 
Peak at t^ 
until LOR 


Seconds 




Required Value 
29.8 ♦ 1.6V Before t^ 
0 ♦ .OlV Before t^ 


*w 1 75 



9.0 ♦ 0.5V OhtU LOR I A 
30 ♦ ,01V 

9*2 Seconds (Hinlaua) 


SMeasure Output Spike Peak Voltage froa Photograph 
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23-TRA-02U» ^ 


DATA SHUft 

VlBRATIO«AgX«AKICAL SHOCK 


U«2«2 Operational Test 

Operational Pre-Test for Vlbratloa/Meehanlcal Shock 
lest A at 30V Input 


Cha Ho, Deaerlption Measurenent 


1 Ignition Charge Voltage Xi-H 

2 Squib Voltage /? 

Squib Voltage Spike* Sil.S 

3 Regulator Output f.3f 

k Input Voltage yfe>0 

H/A Time Delay (t^) 3-7/f 


lest B at 3Qr Input 


Cha Bo. 
1 
2 

3 

k 

r/a 


Description Measurement 

Ignition Charge Voltage*. • f 

Squib Voltage P 

Regulator Output ^.3 ! 

Input Voltage 30>Q 

LOR Tine t. ^ 


i 


Required Value 


29.8 ♦ 1.6V. Before t^ 

0 ♦ ,01V Before t. 

20 Peak at t^ 

9.0 * 0.5V Ubtll LOR 
30V ♦ .OlV 


M S -7} 



A 


3.7 * 0.6 Seconds 


Required Value 
29.8 * 1.6V Before t^ 
0 + .OlV Before t^ 
9.0 * 0.5/ UntU LCR 
30V ♦ .OlV 

5.2 Seconds (Minlaua) 


W 2 TS 



•Measure output Spike Peak Voltage frou Photograph 
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i«ee 


data sheet 

tpratiohAschanical SHOqC 


b»2.6«U Perfortaance Regulreaents During Vlbrat ion Afeehan leal Stiock 


A at 30 V Input ^ Output Spike Ibotograph Required 


Cha No. 

Deaerlption 

Measurement 
X 1 ' ■“ 'Z'Axis 

Required Value 

1 

Ignition Charge Voltage 


29.8 ♦ 1.6V. Before t^ 

2 

Squib Voltage 

0 0 0 

0 + .OlV Before t^ 


Squib Voltage Spike* 

^1-0 

20 ^ 2 ^ Peak at t^ 

3 

Regulator Output 


9.0 + 0.5V Until LOR 

k 

Ibput Voltage 

JO 30 Jo 

3OV + .OlV 

I/A 

Tine Delay (t^) 

3.?o J.7/; 3.?! 

3.7 ^ 0.6 Seconds 

Test B at 30V Input (Between Axis Test) 


Cha No. 

Description 

Measurement 

Required Value 

1 

Igaltlon Charge Voltage*. 


29,8 ♦ 1.6v Before t^ 

2 

Squib Voltage 

0 0 

0 ♦ .OlV Before t^ 

3 

Regulator Output 

9 3/ 

9.0 * 0.$V UntU LCR 

k 

fiiput Voltage 

30 SO- 

30 ♦ .OlV 

i/a 

LOR Tine 

XJ L 2 

9.2 Seconds (Miniaun) 


m t -» 



A 


m t TS 





aHeasure Spike Peak Voltage FToo Pbotograpb 
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23-TRA-CeW* A 
Ibge i »3 


OAtA SHEET 

vibrai-iok/kbchanical shock 

b.2.2 Operational Test 

Operational Post-Test for Vibration /Mechanical Shock 
Teat A at 30V Input, Output Spike Photograph Required 


Cha Ko« Description tfeasurenent 


1 Ignition Charge Voltage 

2 Squib Voltage Q 

Squib Voltage Spike* J I .S 

3 Regulator Output f-Ji 

4 Input Voltage JO 

H/A Tine Delay (t^) J. 7/f 


Teat B at 30 V Input 

Cha Ho. Description Measvureaent 

1 Ignition Charge Voltage*. 

2 Squib Voltage o 

3 Regulator Output 9.31 

4 Input Voltage 

H/A lor Tine 


Required Value 


29.8 + 1 . 6 v. Before t^ 
0 ♦ .OlV Before t^ 
20 Peak at t 

9.0 + 0.5V until LOR 


Vf 2 T5 



30 ♦ ,01V 

3.7 ♦ 0.6 Seconds 


Required Value 
29.8 ♦ 1.6V Before t^ 

0 * ,01V Before t^ 

9.0 * O.5.V Unta LOR I A 
30V + .OlV 

5*2 Seconds (Minlnun) 



•Measure Tkitput Spike Peak Voltage from Photograph 
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23*T!U>0eUi A 
i*U 


IM!M SHOT 
ACCEUSATION 


^•2.2 Operational Pre-Test far Acceleration 


Teat A at 30v I&pit, Output Spike Fbotograph Required 


Cha Ho. 


Deeerlptloa 


Meaeureaent 



Ignition Charge Voltage 
Squib Voltage O 

Squib Voltage. Spike* a. 3 

Regulator Output ?.J\ 

input Voltage 30 

Tine Delay (t^) J. A/3 


Teat B at 30V Zhput 

C&a Ho. Description Measurenent 

1 Ignition Charge Voltage*. gj 

2 Squib Voltage o 

3 Regulator Output 9.^ ( 

k Diput Voltage t?p 

H/a lor Tine 9. 


Required Value 


29.8 ♦ 1.6v. Before t. 


0 ♦ .OlV 

20 _2v 


Before t^ 
Peak at t . 


9.0 ♦ 0.9V UatU LOR 

30V ♦ .OlV 

3.7 ^ 0.6 Seeonda 



Required Value 
29.8 + 1,6V Before 
0 + ,01V Before 
9.0 ♦ 0.5V Until LOR |A 
30V r.oiv 

5.2 Seconds (Hinlaun) 



•Iteaeure (Xitput Spike Peak Voltage from Riotograph 
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Page ^5 


data sheet 

ACCEIERATION 

U.2«7«3 .'orcance Requlreaients During Acceleration 


Test A at 20V Input, Output Spike Photograph Required 


Cba No. 


Description 


Measurenent (AXIS) 
X -X X -y 2 -2 


Required Value 



1 

2 

3 

U 

r/a 


( 


l^ltion Charge Voltage 

Sqult Voltage 

Squib Voltage Spike* 

Regulator Output 
Input Voltage 
Time Delay (td) 


j tun ^ n pjj xh ; 

2— -2^ S. Sl ^ 

21. ^ ilJ- ^ JJ. Al 

ilL Ml Hi 11^ liJ 2dl 


29.8 + 1.6v Before t . 

c 

0 ♦ ,01V Before tj 
^lOV 

^X-2V 

9.0 + 0.5V Until LCR 


30 ,?& 30 12. 12. 30 30V + .OlV 

J.7/f J3S J -^l S JS ?, ?7 3 3 f 3.7 + 0.6 Seconds 


Test B at V Input (Between Axis Test) 


Measurements (AXIS) 


Cba No. 

Description 

X 

-X 

y 

-y 

2 


Ignition Charge Voltage 

JLll 

^Ll 

ill? 

211! 

2 

Squib Voltage 


-Q- 

g> 

o 

o 

3 

Regulator Output 

ill 


2Ji 

JJJ 

HI 

u 

Input Voltage 


So 

3D 

30 


r/a 

LCR Tine 


u. 


SJL 

Ur 


Required Value 
29.8 + l.oV Before t^*^ 
0 + .OlV Before t^ 

9.0 + 0.5V Until LCR 
30 ^ .OlV 

5.2 Seconds (Minimum) 


«Measure Spike Peak Voltage From Photograph 
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23 -TRA-GQUU 


DATA SEESr 
ACCEISUTION 


U.2.2 Operational Post-Test for Acceleration 

Test A at 30V Iniut , output Spike Photograph Required 

Cha Ho. Description Measurenent Required Value 


1 Ignition Charge Voltage 

2 Squib Voltage 
Squib Voltage Spike* 

3 Regulator Output 

h input Voltage 

H/a Tine Delay (t^) 


Test B at 30v Input 


Cha No» 
1 
2 

3 

k 

n/a 


Description Measurement 

Ignition Charge Voltage:. __________ 

Squib Voltage _________ 

Regulator Output __________ 

Input Voltage ________ 

LOR Time 




SI 





«f 5 -B 


29.8 ♦ 1.6V. Before t^ 

0 ♦ .OlV Before t^ 

20 Peak at t . 

•-2V d 


9.0 + 0,5V until LOR 
30 ♦ .OlV 


3.7 * 0.6 Seconds 


Required Value 
29,8 ♦ 1.6V Before t^ 
0 + .OlV Before t^ 
9.0 + 0,y Until LCR 
30 ♦ ,01V 

5.2 Seconds (Mlnlmua) 


•Measure Output Spike Peak Voltage froa Photograph 
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23-TRA-0eM» A 


MIA SHEET 


HUMZDZTY 


fc.2.2 Operational Pre-Teat for HuBldit\ 


Teat A at 3OV Input, output Spike Riotograpb Required 


Cha No. Description 


1 Ignition Charge Voltage 

2 Squib Voltage 
Squib Voltage Spike* 

3 Regulator Output 

k Z&put Voltage 

H/A Tine Delay (t^) 


Measur«ent Required Value 


* 

. 29.8 ♦ 1.6V. Before t^ 

O 0 ♦ .OlV Before t^ 

- 20 Peak at t^ 

9.0 ♦ 0.5V until LOR ^ 
30 ♦ .OlV 

^.7X! 3.7 ♦ 0.6 Seconds 


Test B at 30V Input 

Cha No. Description 


1 Ignition Charge Voltage*. 

2 Squib Voltage 

3 Regulator Output 

k Input Voltage 

H/A lor Tine 


Measurement 


O 



* 


Required Value 


29.8 + 1.6V Before 
0 ♦ ,01V Before t^ ' 
9.0 + 0.5/ Until LCR 
30 ♦ ,01V 

3.2 Seconds (Hlniaua) 


•Measxire output Spike Peak Voltage tren ihotogra^h 
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2y-TM~aZhk A 

Pft«e ‘‘O 


DATA SHI-TT? 

HmiDmf 


1^.2. 2 Operational Post-Test for Hunldlty 
Test A at 30v input 

Cha No. Deaerlptlon Measurenent 

1 Ignition Charge Voltage 

2 Squib Voltage Q 

Squib Voltage Spike* SlC) 

3 Regulator Output 

k Input Voltage 

H/A Time Delay (t^) ,r. ?A? 


Required Value 


29.8 + 1.6v. Before t^ 

0 + .OlV Before t^ / 


9.0 + 0.5V Uhtil LOR 
30 ♦ .OlV 

3*7 * 0.6 ^conds 


■A 


Test B at 30V In{ut 

Cha Bo. Description 

1 Ignition Charge Voltage*. 

2 Squib Voltage 

3 Regulator Output 

k Input Voltage 

h/a lor Time 


Measurement 


l2di2. 


j3/2l 




Required Value 


fW 29.8 ♦ 1.6V Before t 


0 + .OlV Before t^ 
9.0 ♦ 0.5V Unta LCR 
30 ♦ .OlV 

^•2 Seconds (Minimua 



•Measure output Spike Peak Voltage froa Fhotogratii 
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23-tRA.0el4» A 

fcge**"* 

SATA SHEST 
CTCLIC LIFE 

A»2.2 Operational Pre-Test fear Cyclic Life 


tMt A at 3 OV Input 


Cha Ifo. 

Description 

Neasureaeot 

Required Value « 

1 

Ignition Charge Voltage 


29.8 ♦ 1 . 6 v. Before t. 

da 

2 

Squib Voltage 

0 

0 + .OlV Before t. 


Squib Voltage Spike* 

SJ2. 

20 Peak at .t^ 

A 

3 

Regulator Output 


9 . 0 ’ ♦ 0.5V ttatll LOR 


k 

Input Voltage 

30 

3 OV ♦ .OlV 


■/A 

Time Delay (t^) 

Jr 7^ ? 

3.7 * 0.6 Seconds 


T«at B at 

30 V Input 







w ao T5 

Cha Ro. 

Description 

Neasuresent 

Required Value 

1 

I^ition Charge Voltagir. 

ayyg 

29.8 4; 1.6V Before 


2- 

Squib Voltage 

0 

0 ♦ .OlV Before t^ 


3 

Regulator Output 

9.SLS7 

9.0 Unta LOR 1 

|a 

k 

Hiput Voltage 

30 

3CV ^ .OlV . 


r/a 

LOR Tine 

h ■ 

t, 4 

5.2 Seemds (MinlBua) 
( 



•Mtaourc Output Spike Voltage Froa FhotQQnipb 



CYCLIC LIFE (CYCI£ 1 ) 
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23-TRA-0EU4 A 

Page 50 




Appendix E 


23-TRA-024U A 
F»ge 51 



5.2 Seconds (Mlalnum) 



4.2.9»*> Performance Requirements During Acceptance Level Vibratlon/shock 


Appendix E 


23 -TRA-CJeUU A 
Page 52 








U«2,9.*» Perfomance Requlremente During Acceptance Level Vlbratlon/Shoek' 


Appendix E 


23-TRA-02UU A 
Page 5** 




Perfomanee Requirementa During Acceptance Level Vlbration/Shoek 


Appendix E 23>TRA>0S4t» A 

P««e 55 



< 



DATA SHEET 

CYCLIC LIFE (CYCIE 7 ) 


Appendix E 


iiJ-TKA-UiiHs. A 

Page 56 



< 


< 








4«2,9«^ Perfomanee Regulreaents During Aeeeptanee Level Vibratlon/Shoclc* 
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23-TRA-OeU* A 

lB«e ? 

DATA SUZHT 
CYCLIC LIFE 

U.2,2 Operational Bast-Test for Cyclic Life 


Test A et 30 V output Spike Photograph Required 


Cha Ko. Description 

1 l^ltlon Charge Voltage 

2 Squib Voltage 
Squib Voltage Spike* 

3 Regulator Output 

U Input Voltage 

N/A Time Delay (t^) 


Measurement 


— ,.g .. 


ll. 








Required Value 

29.8 + 1.6v. Before t.*^® 
0 + .OlV Before 


20 


+1CV 


Peak at t , 


-2V d 

9.0 + 0^7 Ubtil LOR 

30V^ .OlV 

3*7 * 0.6 Seconds 


Test B et 30V Input 

Cha Ro. Description 

1 Ignition Charge Voltage'. 

2 Squib Voltage 

3 Regulator Output 

U Input Voltage 

r/a lor Tine 


Measurement 

a. 

30 

fTo 


» »c O 

Required Value . 

.29.8 + l,6v Before 
0 + .OlV Before 
9.0 + 0.5V Until LOR 
3OV ♦ .OlV 

5.2 Seconds (Minimum) 


r 


«Measure Output Spike Ppak Voltage From Photograph 


E-85 



Appendix E 


page 59 


POOT-ENVlBCJJKEirrAL TEST DATA SHEET 
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23-TRA-021+-A 

pBge 60 


Ker-ENVIRO!a®rEAL test lata sheet 
F unctional P^rforeanee Teat 
Test A at 30V Incut, Output Spike Photograph Required 


Cba No. 


Deserlptlon 


Measuresent 


Required Value 


1 

2 

3 

4 

h/a 


Ignition Charge Voltage 
Squib Voltage 
Squib Voltage Spike* 
Regulator Output 
Input Voltage 
Time Delay (t^) 


D 

2jQ 

f.2S7 



3 . 72 ? 


29.8 + 1.6V. Before t. 

— c 

0 + eOlV Before 
20 Peak at t^ 

9.0 + 0.5V Until LOR 
30V ♦ .OlV 


3«7 ♦ 0.6 Seconds 


Tert B at 39 V Input 


Cha No. 
1 
2 

3 

4 

r/a 


Description 

Ignition Charge Voltage'. 
Squib Voltage 
Regulator Output 
Input Voltage 
LOR Time 


Measurement 

2 .^. 96,7 
o 

9,257 






Required Value 
29,8 + l,6v Before t^ 
0 + ,01V Before t^ 
9.0 ♦ O.JV Until LCR 
30V ♦ ,01V 

5.2 Seconds (Mlnlo’jn) 


I 



^Measure Spixe Peak Voltage Flroo Photograph 
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POST^DJVlRONMEmL TEST DATA SHEET 


4.1.4 Functional Perfortnanee test 


Test A at 30V Input tLoad Select In. "Fuse" Position) 


Cba No. 


Description 


Measurement 


1 

2 

3 

4 

2 


Ignition Charge Voltage 
Squib Voltage 
Squib Voltage SpUte 
Regulator Output 
Input Voltage 
Squib Voltage Spike 







■ 3 . 0 -,- 

3.PJS 


Required Value 

29 . 8 :+ 1.6v. Before t. 
— a 

0 + .OlV Before t^ 
Verify Fuse “Opens 
9.0 + 0.5V- Itatll LOR 
30 V + .OlV 

Verify Spike Output 
at tg in Channel 2 
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POST-mVIRONMENTAL TEST DATA SHEET 


U.l.U Functional Perfornance Teat 

Test A at 35 V Input (*'Safe Ana Relay" Switch "On") 


Cha No. Deeerlptlon 

1 Ignition Chairge Voltage 

2 Squib Voltage 
Squib Voltage Spike 

3 Regulator Output 

1( Input Voltage 

2 Squib Voltage Spike 



Measureaent 


J.c7 







Required Value 


3.15 + 0.2V Before t^ 

0 + .OlV Before t^ 
Verify Fuse Does Hot Open 

9.0 + 0. 5V Itotll LOR 
35 + .OlV . 

Verity Spike ditput at t^ 
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23-TRA-CCUIf £ 
Page .64 


DATA SHEET 
TIMPERATURE SHOCK 

4.2,2 Operational Test 
Pre-Test for Temperature Shock 


Test A at 30 V Input> output Spike Photograph Required 


Out No. 

Description 

Measurement 

1 

Ignition Charge Voltage 

Z8. - 

2 

Squib Voltage 

O 


Squib Voltage Spike* 

20 

3 

Regulator Output 


U 

Input Voltage 

JO 

n/a 

Time Delay (t^) 

3,1 1 

Test B at 30V Input 


Cba No. 

Description 

Measurement 

1 

Ignition Charge Voltage'. 


2 

Squib Voltage 

O 

3 

Regulator Output 

9- ^S■ 

k . 

Input Voltage 

30 

h/a 

LOR Time 



-rejT 2j- ^TM-ooS' 


Required Value 

29.8 + 1.6V. Before t^ 

0 + .OlV Before t. 

Tiov ® 

20 _2v 

9.0 + 0.5V until LOR 






30V + .OlV 

3,7 + 0.6 Seconds 


Required Value 




29.8 + 1.6v Before 


0 + ,01V Before t^ 

9.0 + 0.5V Until LOR | a 
30 + .OlV 

5,2 Seconds (Minlaun) 


«Mcasure (Xitput Spike Peak Voltage Prom Riotograph 
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23-TRA-OeM* A 
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DATA SHEET 

U.2.U Temperattire Shock 


Test A at 30 V Input, 


Cba No. 

Description 

Measurement 

Required Value : _ 





1 

2 

Ignition Charge Voltage 
Squib Voltage 

2S-.0(> 

0 

29.8 + 1.6v. Before t^ 
0 + .OlV Before t^ 

*“ fl 


Squib Voltage Spike 

IS' 

Verify ( / ) 

3 

Regulator Output 

<?.2-7y 

9.0 + O.^V Until LOR I A 

k 

Input Voltage 

3C> 

30 + .OlV * 

n/a 

time Delay (t^) 


3.7 + 0.6 Seconds 

Test B at 3 OV Input 



Cba No. 

Description 

Measurement 

Required Value 

1 

Ignition Charge Voltage*. 

ZS. OG 

29.8 + l,6v Before 

2 

Squib Voltage 

0 

0 + .OlV Before t^ [ V;- ; ' 

3 

Regulator Output 

f.2 7/ 

9.0 + 0.5V Until LCR 1 A 

k 

Input Voltage 

JO 

30 V + .OlV 

h/a 

LOR Time 

7. S' 

5.2 Seconds (Minimum) 


♦ 

I 


fesT pe'i 23- 
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23-TRA-C2M* A 
t&gc 66 


DATA SHEET 


Temperature Shock 
Test A at 35V Input , 


Cha No. 

Description 

Measurement 

Required Value 

1 

Ignition Charge Voltage 

Jo. oJ 

29.8 + 1.6v. Before t^ 

2 

■ Squib Voltage 

0 

0 + .OlV Before t^ 


Squib Voltage Spike 


Verify (j/) at V 

3 

Regulator Output 


9.0 + 0.5V Until LOR j A 


Biput Voltage 


35 1 .OlV 

n/a 

Time Delay (t^) 


3,7 + 0.6 Seconds 

Test B at 35V Input 



Cha No. 

Description 

Measurement 

^ ii -1} 

Required Value 

1 

Ignition Charge Voltage*. 

3<i^ol 

29,8 + l,6v Before t^ i 

2 

Squib Voltage 

0 

0 + .OlV Before t^ 

3 

Regulator Output 

9. 2.^ 

9.0 + 0% ,5V Unt 11 LCR I A 

k 

Input Voltage 

jr 

35 jf.OlV 

n/a 

LMl Time 

9.0 

5.2 Seconds (Minimum) 


TC-i-r -,3-AT-t/f-OOS- 
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MTA SHEET 
TEMPERATURE SHOCK 

k.2.2 Operational Teat 
Poat'Test for Temperature Shock 

Test A at 30V Input, ^tput Spike Photograph Required 

Cha Ho« Description Measurement 

1 
2 

3 
k 

h/a 

Test B at 30V Input 

Cha Ho« Description . 

1 Ignition Charge Voltage*. 

2 Squib Voltage 

3 Regulator Output 

A Input Voltage 

r/A . LOR Time 

I 


blieasurc output Spike Peak Voltage frocn Riotogpraph 
E-94 



Ignition Charge Voltage • 

Squib Voltage O 

Squib Voltage Splke» 

Regulator Output ^.2 4 

Input Voltage 3 O 

Time Delay (t^) • J. 7 2 ^ 


23-TRA-0244 A 

fbge 67 


Required Value 

29.8 + 1.6V» Before t^ 

0 + .OlV Before t^ 

20 Peak at t^ 

9.0 + 0.5/ until LOR 

30V ♦ .OlV 
3.T 0.6 Seconds 


m 15 -75 



A 


Required Value * ** 

29.8 ♦ 1.6v Before t^ 

0 ♦ ,01V Before t^ ' 
9.0 ♦ 0.5V UntU LOR |A 
30V ♦ ,01V 

5.2 Seconds (Kinlaum) 
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DAtA SHEET 
TEMPERATURE SHOCK 


k,2,2 Operational Teat 
Post-Teat for Temperature Shock 

Test A at 30V Input, Oitput Spike Photograph Required 


Cha Ho. Description 

1 Ignition Charge Voltage 

2 Squib Voltage 
Squib Voltage Spike* 

3 Regulator Output 

4 Input Voltage 

M/A Time Delay (t^) 


Measurement 




30 

3.1 


Required Value 

29.8 + 1.6v. Before t^ 
0 + .OlV Before t^ 


20 


+10V 


Peak at t^ 


-2V ““ "d 

9.0 + 0.5/ Itatil LOR 

30V + ,01V 

3»T ♦ 0.6 Seconds 


«w 15 75 


Test B at 30V Input 

Cha Ro. Description 

1 Ignition Charge Voltage^. 

2 Squib Voltage 

3 Regulator Output 

k Input Voltage 

r/A lor Time 


Measurement 


JO— 


<P.3 


Required Value 


IW>5 75 


29.8 + 1,6V Before t, 

0 + .OlV Before t^ 

9.0 + 0.5V Until LOR |a 

3OV + ,01V 

$.2 Seconds (Minimum) 


-coi' 


^Measure Output Spike Peak Voltage from Riotoeraph 
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OUAUFICATIOM TEST FAILURE REPORT 


TECT ITEM 


C : F R NO. 23-QTFR-003 


PROGRAM SCOUT 


DATE 5-5-75 


SUBASSEMBLY 


COMPONENT 


Electronic Delay i 
nit Ion Module (EDBl) 23-OOU349-I 


e 


iMANUFACTUf^CR 


MANUPACTuRCR 


PART OR ORO. MO. 


PART OR owe. NO. 


002 


SCRI AC OR co r 





TKST CASORATOR< 


2-U5202 


TEST DOCUMENT NUMBER 

23-TRA-02UL 


3384-CV-1220 


TOTAC operating TIME/CYCCCS 

^ 3 houra 


rAICURE OEiCRiPTiCN 

During operational test of para. 4.2.2, after completion of the acceleration test per 
para. 4.2.7.3> voltage measurements performed according to para. 4.2.2 vere incorrect. 

The regulator voltage measured 4.4 volts; should be 9.0 + 0.5 VDC. 


TEST MONITORi. A ^ 

DATE 

5-6.75 

PAIL investigation 
REO'O. 

investigation ASSIGNED TO 

^Pu/a£-0 ( 



BREAK or inspection DATE 
REQ-O. rzi'''' 


I ■ 




PAICURC INVeSTICA TTt/N SUMMARY . 

Investigation shoved that Z-1 (Voltage Regulator SE55Q) 


investigation snoweu tuat 4>-i. \ T -/ 

vas aamaged due to improperly applied voltage. No other coiaponent 

Indicated damage due to mip;^ed cable. .The EDIM operated properly after replacing Z-1. 
*See Page 2 for continuation of Failure Investigation Summary. 


COWWeCTiVE action assigned TO 



WORK. INSTRUCTIONS ^ ^ 

(y^ y(3i^ . Y'. 2 .2 . t z ch^ ^ 


VA 

wmm 


RCCIAeiClTY CNCIMCER 




WORK COmP-CTEO 


CUSTOMER 






qu.u.e,c.t*oh HETEjr REQU.REMENT. 1.' Rcperform TemperatuTe ShS^jy^est pcr pErB. 4.2’.4. 

2. Conduct the JMI Test per para. 5 of SEI I683. 3, Conduct 10 cycles of S^ET Vibration 

and Mechanical Shock per para, 4,2,9. 4. Conduct Humidity Test per para, 4.2.8. 

S’* This completes the qualification test program of the SDIM; return to para, 7 
SEI I683A. 
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FAnZJRE PESCRIFTION 

A revlev of the test results lodlcated the regulator voltage measured 
. 9.31 VCC before the EDIM vas disconnected at the completion of the 
acceleration tests, but measured 4.U VLC when reconnected for the operational 
test. Upon the discovery of the voltage discrepancy, it was realized that 
the power cable connector connected to the EDIM Input cable was wired 
incorrectly. This connector was rewired according to print. The incorrect 
wire configuration of the connector was not recorded and, therefore, is 
unknown. The IDIM was retested with the revised connector. The voltage 
measurements according to para. 4.2.2 were still incorrect. 

FAILURE mVESTIGATION SUI-1MARY (Continued) 

NCTE: The first SE550 installed in the board was affected by temp-shock from amb temp 

to -17.8°C and back to amb (increased standby current, reference step 21 of con- 
nuatlon sheet). This SE58O was inoperable after remcr/al from the EDIM board. 


/// Ar/o/v” : 
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Enclosure ( 2 ) to 23-DIE-177C, 
fttge 1 of 3 

TEST AND EVALUATION REPORT / reliability assi'RANC LABORATORY 




MOI 

OAT t Of 

LOC AT »ON OF 1 

F AILU«L 



SCOUT 

MO.j OAvj VR. 



NO. 2-45202/5R-47 

SVSTCM 

MR NO. 

MRA NO. 


PACt 1 

,OF 

Ignition 




1 1 

. 1 

COMPONCNT 

P/N 

S.'N 

CODE 

K'.ANLIf . 


Ignition Delay 






Assembly 

23-004349-1 

Qual 002 


VSI )/.Ma rshall Street 

PART 

P/N 

S/N 

coot 

MANUF. 


OBJECTIVE(S): 

Subject the Scout Fourth Stage Electronic Delay Ignition Module to a ilu^rough visual 
examination for evidence of damage and capacitor leakage after comoleiion of fliglit 
qualification tests. This assembly had been subjected to altitude, te ir.pc- rat ure shock, 
high-low temperature, vibration, humidity, acceleration, mechanical sliock and EMI 
susceptibility tests. 

EVALUATION PROCEDURES AND RESULTS: 


Figures 1,2,3 and 4 are top, end, side and bottom views, respectively, of the 
assembly. Visual examination of the exterior revealed several areas (arrows in 
Figures 1, 3 and 4) where the paint had loosened and peeled away from the metal 
surface. 

The bottom cover plate was removed for examination of the interior. Figure 5 is 
a view of one side of the circuit board before its removal from the case. An oblique 
view of the circuit board mounted on the bottom cover is shown in Figure 6. Figure 7 
is a view of the opposite side of the circuit board after its removal from the bottom 
cover plate. Examination of the circuit board and the interior of the case revealed 
no evidence of moisture or corrosion as a result of the humidity test. However, the 
paint had loosened and pulled away from the metal in one of the inside covers of the 
case as shown in Figure 8, arrow. 

Visual examination of the circuit board revealed no cracked solder joints or anomalies 
as a result of the qualification tests. The ends of all the capacitors were examined 
and exposed to litmus paper with no evidence of electrolyte leakage. 

In conclusion, other than the paint which had loosened and peeled away from the meteil 
surfaces, there was no evidence of component deterioration afte r the flight qualification 
tests. 


NOTE: This report contains two (2) pages of photographs. 


E -109 


ANALYSIS BV 
^ 






OATt 





“7^4//;' 













Appendix E 


TEST AND EVALUATION REPORT 


2-45202/5R-47 
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List of Figures 
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iv 

V - vii 
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1.1 TEST SAMPLE DESCRIPTION 

1.1.1 Purpose of Test Sample 
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1.2.1 Calibration of Equipment 

1.2.2 Measurement Techniques 

1.2. 2.1 CSOl 

1.2. 2. 2 CS02 

1.2. 2. 3 CS06 

1.2. 2. 4 RSOl 

1.2. 2. 5 RS02 

1.2.2. 6 RS03 

1.3 TEST ARRANGEMENT 

1.4 CRITERIA FOR SUSCEPTIBILITY 
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1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

3 

3 
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ADMINISTRATIVE DATA 


REPORT NO. 

PAGE NO. iii 


Purpose of Test 

To qualify the Electronic Delay Ignition Module for Scout flight application. 
This was accomplished by performing the following tests: 

1. Conducted Susceptibility 

2. Radiated Susceptibility 

Manufacturer 

Vought Systems Division 
LTV Aerospace Corporation 
Dallas, Texas 

Interference Specifications 

MIL-STD-461A, Notice 1 
MIL-STD-462, Notice 1 

Security Classification 

Unclassified 

Disposition of Test Article 
To be retained at LTV 
References 

a) VSO Test Request 23-TRA-0246, EMI Qualification Test for Scout 4th 
Stage Electronic Delay Ignition Module (EDIM) P/N 23-004349-1, dated 
8 May 1975. 
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2 
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Figure 3 
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5 
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PLC-25 Current Probe Factors 

11 

Figure 5 

PLC-10 Current Probe Factors 

12 

Figure 6 

EMCO 3102 Antenna Factors 

13 

Figure 7 

CSOl Test Set-Up (Schematic) 

14 

Figure 8 

CSOl Test Set-Up (Picture) 

15 

Figure 9 

CS02 Test Set-Up (Schematic) 

16 

Figure 10 

CS02 Test Set-Up (Picture) 

17 

Figure 11 

CS06 Test Set-Up (Schematic) 

18 

Figure 12 

CS06 Test Set-Up (Picture) 

19, 

Figure 13 

RS01 Antenna Placement 

20 

Figure 14 

RSOl Test Set-Up (Picture) ' 
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RS02 Test Set-Up (Picture) 
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LIST OF TEST 

EQUIPMENT 


Test Equipment 

Characteristics Required 

1. 

Automated Spectrum 

30 Hz to 1 GHz 


Surveillance System 
Fairchild FSS-250 
Ser - 005 

50 ohms 

2. 

Current Probe 

30 Hz - 50 KHz 


Fairchild Electrometries 
Mod - PCL-10 
Ser - 005 

50 ohms 

3. 

Current Probe 

14 KHz to 25 MHz 


Fairchild Electrometries 
Mod - PCL-25 
Ser - 005 

50 ohms 

4. 

Field Strength Meter 
Instruments for Industry 
Mod - EFS-1 

14 KHz to 1 GHz 

5. 

Antenna 

1 GHz to 12 GHz 


EMCO 

Mod - 3105 
Ser - 2039 

50 ohms 

Double Ridge Waveguide Horn 

6. 

R. F. Power Source 

200 MHz to 3 GHz 


Airborn Instruments Laboratory 
Mod - AIL-25 

50 ohms 


Ser - 117 


7. 

R. F. Power Source 

3.8 GHz to 7.0 GHz 


Hewlett-Packard 
Mod - HP 6188 
Ser - 1100 

50 ohms 

8. 

R. F. Power Source 

7 GHz to 11 GHz 


Hewlett-Packard 
Mod - HP 6208 
Ser - 740-00534 

50 ohms 

9. 

TWT Amplifier 

1 GHz to 2 GHz 


Keltec Florida 

50 ohms 


Mod - SR630-200 
Ser - 4429-045 

200 watts 

10. 

TWT Amplifier 

2 GHz to 4 GHz 


Keltec Florida 

50 ohms 


Mod - CR630-200 
Ser - 4428-009 

200 watts 

E- 
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Test Equipment 

Characteristics Required 

n. 

TWT Amplifier 

4 GHz to 8 GHz 


Keltec Florida 

50 ohms 


Mod - CR 630-200 
Ser - 4428-010 

200 watts 

12. 

TWT Amplifier 

8 GHz to 12 GHz 


Keltec Florida 

50 ohms 


Mod - XR630-200 
Ser - 4429-048 

200 watts 

13. 

Signal Generator 
Spectral Dynamics 
Mod - SO 104-5 
Ser - 5957 

50 Hz to 50 KHz 

14. 

Signal Generator 

10 MHz to 480 MHz 


Hewlett-Packard 
Mod - HP 6080 
Ser - 1527 

0.1 V. into 50 ohms 

15. 

Signal Generator 

50 KHz to 50 MHz 


Hewlett-Packard 
Mod - HP 606B 
Ser - 811-01791 

0.1 V. into 50 ohms 

16. 

Power Amplifier 

50 Hz to 15 KHz 


Krohn Hite Corp. 
Mod - u F 101A 
Ser - 983 

3v open circuit 

17. 

Isolation Transformer 
Solar Electronics 
Mod - 6220-1 A5 
Ser - None 


18. 

Field Strength Meter 

1 - 10 GHz 


Singer 

Mod - EMA-310 
Ser - 123-135 

50 ohms 

19. 

TWT Driver 

2 - 4 GHz 


Kel tec 

Mod - SR620-1 
Ser - 4440-032 

1 watt 

20. 

TWT Driver 

4 - 8 GHz 


Keltec 

Mod - DR620-1 
Ser - 4428-010 

1 watt 


2-S 1324 R4 
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LIST 

21 . 

22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
E- 


OF TEST EQUIPMENT (Continued) 


Test Equipment 

TWT Driver 
Keltec 
Mod XR620'1 
Ser - 4428-011 

Antenna 

Instruments for Industry 
Mod - EFG - 2 
Ser - 45 

Antenna 

EMCO 

Mod - 31 06 
Ser - 2005 

VTVM 

Hewlett - Packard 
Mod - HP-403 

Oscilloscope 
Tektronix 
Mod - 545 

RF Power Amplifier 
Instrument for Industries 
Mod - 406 
Ser - 0674969 

Antenna 

EMCO 

Mod - 3102 
Ser - 2352 

Choke 


Oscilloscope 

Hewlett - Packard 

Mod - HP 184A with 1805 plug in 

Ser - 1301 A 00357 

Digital Voltmeter 
Data Precision 
Mod - 3500 
Ser - 1798 

Electronic Counter 
Hewlett - Packard 
Mod - NP 5326A 
Ser - 1240A 01880 
118 


Characteristics Required 

8 - 12 GHz 
1 watt 


10 KHz - 200 MHz 
50 ohms 


200 MHz - GHz 
50 ohms 

Double Ridge IVaveguide Horn 


10 KHz - 200 MHz 
1000 watts 


1 - 10 GHz 
Log Conical 


.010 Hys. 
12.5 Amps DC 
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1 .0 General 

1.1 TEST SAMPLE DESCRIPTION 

The test article was the Scout 4th Stage Electronic Delay Ignition Module (EDIM), 

P/N 23-004349-1 , S/N 002. 

1.1.1 Purpose of Test Sample - The Electronic Delay Ignition Module is designed to 
ignite an SBASI after a 3./ second delay from an external command (switch closure 
between Jl-2 and Jl-3). 

1.1.2 Electrical and Hardware Description - The EDIM circuit diagram is shown in 
Figure Power to the unit is supplied from the Scout 3rd stage ignition battery 
through connector Jl-5 and J2-2. In flight operation, power will be removed (3rd 
to 4th stage separation) from the unit 1.5 seconds before the start comnand. Power 
for generation of the delay and ignition of the SBASI is stored in capacitors for 
the operational life of the unit (5.2 seconds, 1.5 + 3.7). The capacitors used for 
energy storage are hermatically sealed tantalum wet slug capacitors. Time delay is 
generated with an unijunction transistor and a RC integrator circuit, an op, amp 
voltage regulator is used to stabilize the unijunction voltage during decay of the 
power storage capacitors. The unijunction transistor provides a gate signal to turn 
on an SCR which dumps ignition capacitor energy through a SBASI for 4th stage motor 
ignition. For EMI and grounding considerations, the unit is sealed with an EMI 
gasket and painted with conductive epoxy silver paint. 

1.2 TEST EQUIPMENT 

1.2.1 Calibration of Equipment - Test equipment is maintained in calibration 
accuracy through periodic calibration by the Calibration and Support Laboratory in 
accordance with the requirements of Specification MIL-C-45662A and calibration 
procedures that are periodically reviewed by NAVPRO Quality Assurance Division Audit 
Branch. 


1.2.2 Measurement Techniques 

1.2. 2.1 CSOl - Susceptibility signal levels were measured using an HP - 403B AC 
voltmeter connected to the voltmeter winding of a Solar 6220-lA isolation transformer. 

1.2. 2. 2 CS02 - Susceptibility signal levels were measured using a Fairchild EMC-25 
connected across the system input power leads through a .1 uf capacitor as shown in 
Figure 9. With the EMC-25 set in the peak detector function, both the signal level 
and frequency at the system power connector could be accurately measured. Since a 
signal source of much greater than 1 watt of output power was being used, it was 
also necessary, if any susceptibility was evident, to measure the signal power level 
being delivered to the test sample. Below 5D MHz, the input power was determined 

by using the EMC-25 and a PLC-25 current probe to measure the current being supplied 
to the test sample. (PLC-25 current probe factors are included in Figure 4.) 

Above 50 MHz, the input power was determined by calculating the impedance to ground 
of the 1 uf capacitor (gii other impedance to ground can be neglected above 50MHz). 
Using either the current delivered or the impedance to ground, the power being 
delivered to the test sample was calculated and set to exceed 1 watt. 

1.2. 2. 3 CS06 - Spike amplitudes were measured at the test sample's input power 
connector using an oscilloscope. 
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Figure 1 - Electronic Delay Ignitor Module Circuit Diagram 
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1.2. 2. 4 RS01 - The magnetic field levels required in Figure 20 of MIL-STD-461A 
were generated using a loop antenna which was constructed per Figure lA of 
MIL-STD-461A. The amplitude and frequency of the current supplied to the loop 
antenna were measured using a PLC-10 current probe and an EMC-10 receiver. 

(PLC-10 current probe factors are included in Figure 5.) The current levels used to 
generate the required fields were as follows: 


Frequency 

Field (db pT) 

Current (Amp 

30 Hz to 100 Hz 

160 

2.1 

100 Hz to 300 Hz 

140 


300 Hz to 1 KHz 

120 

21(10-3] 

1 KHz to 3 KHz 

100 

2.1(10-3) 

3 KHz to 10 KHz 

80 

.21(10-3) 

10 KHz to 30 KHz 

60 

21(10-6) 


1.2. 2. 5 RS02 - Spike amplitudes were measured at the spike generator with an 
oscilloscope. An RMS ammeter was used to measure the 400 Hz current. 

1.2. 2. 6 RS03 - Between 14 KHz and 1 GHz, an Instruments for Industry EFS-1 field 
strength meter was was used to measure the radiated field strength. Between 1 GHz 
and 10 GHz, field strength measurements were made using an EMCO 3102 conical log- 
spiral antenna, positioned alongside the test sample, and a Singer ENA-910 receiver. 
Figure 6 contains the applicable antenna factors which were added to the EMA-910 
receiver readings to obtain field strength levels. 

1.3 TEST ARRANGEMENT 

The general arrangement of the test sample, interconnecting cables, and test 
equipment was as shown in Figure 2. The test sample was bonded to a copper ground 
plane, 10 mils thick, 12 square feet in area, 30 inches wide, and attached to a 
wall of the shielded enclosure in three places. The shielded enclosure is a double- 
walled, solid, shielded enclosure 16 feet wide by 20 feet long. All test equipment 
was isolated from the ground plane by placing the test equipment cases on a 1/4" 
phenolic board and by not utilizing a case ground in the power cords. An inter- 
connecting cable approximately 5 feet in length was used from the EDIM to the test 
monitor panel. This cable was routed within 10±2 cm of the front edge of the ground 
plane on 2 inch standoffs above the ground plane. The test panel and test equipment 
wiring is shown in Figure 3. 

1.4 CRITERIA FOR SUSCEPTIBILITY 

The EDIM was monitored for a pass or fail condition by a counter connected to the 
test monitor panel. The EDIM was considered as passing the susceptibility tests if 
the SCR turned on at the preselected time (3.7 seconds) after the start command 
within the accuracy of the equipment specification (± 0.6 second). The EDIM was 
considered as failing the susceptibility tests if the SCR turned on without a start 
command having been given or if the time delay after the start command was outside 
of the specification limits. 
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2.0 TESTS PERFORMED 

The following tests were performed in the VSD shielded room facility: 


MIL-STD-461A Method 


Description 


CSOl 

CS02 

CS06 

RSOl 

RS02 

RS03 


.03 to 50 KHz, Power Leads Susceptibility 
.05 to 400 MHz, Power Leads Susceptibility 
Spike Test, Power Leads Susceptibility 
.03 to 30 KHz, Magnetic Field Susceptibility. 
Magnetic Induction, Cable Susceptibility 
150 KHz to lOGHz, System Susceptibility to 
Radiated Electric Fields 


The above tests were performed in accordance with reference (a) using the test 
methods of MIL-STD-462. A functional performance test was performed prior to 
commencing each test method, during each test, and after each test method in order 
to verify proper performance of the test sample. The performance test consisted of 
the following steps; 


1) Verify discharge jumper (Jl-2 to J3-2) has been in place for a minimum of 
30 seconds. 


2) Verify ignition charge voltage has reached a steady state value. 


3) Remove discharge jumper. 

4) Turn power switch to "OFF" position. 


5) After power switch has been in "OFF" position for approximately 1.5 
seconds, transfer the start switch to "START" position. 

6) Record delay time indication displayed on electronic counter. 
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3.0 TEST RESULTS 

3.1 CS01 

The CSOl test was performed on the +30 volt power line with no indication of 
susceptibility evidenced. The data sheet showing the test frequencies at which 
functional tests were performed is included as page A-2 of Appendix A. 

3.2 CS02 

3.2.1 +30 Volt Line - The CS02 test was performed on the +30 volt power line 

without any incidents of inadvertent firing and with all time delays within 
specification limits. The time delay did vary from the nominal range of values by 
as much as 0.14 seconds when test frequencies of 2 MHz, 5 MHz, and 25 MHz were in- 
jected. The voltage threshold at which the time delay began to deviate from normal 
was 110 db uv at each frequency. The test data for these three frequencies is 
given below, and the data sheets showing the test frequencies at which functional 
tests were performed is included as pages A-3 and A-4 of Appendix A. 


Frequency 

Signal Level 

Time' Delay 

(MHz) 

(db uv) 

(Sec) 

2 

120 

3.623 

2 

120 

3.625 

2 

no 

3.715 

2 

.100 

3.723. 

✓ 

5 

120 

3.582 

5 

120 

3.689 

5 

no 

3.710. 

5 

100 

3.723 

25 

120 

' 3.719 

25 

no 

3.718 


3.2.2 Ground Line - During CS02 tests on the ground line, several test equipment 
problems were encountered. Several ground loops were present in the initial test 
equipment set-up. These ground loops were eliminated by isolating the test equipment 
cases from the ground plane and by isolating the test equipment power line case 
ground from the shield room power line safety ground. A regulated DC power supply 
ceased to operate when the interference signal injected on the ground line reached 
25 MHz at a level of 1 volt. This power supply was replaced with a 31 volt battery 
for the remainder of the tests. One item which was evidence of susceptibility 
during CS02 tests performed on the ground line was the inability of the test sample 
to fire at certain test signal frequencies and levels. The only other evidence of 
susceptibility was a shortening to the time delay at a test frequency signal of 
250 MHz. The data for these cases is as follows: 


Frequency 

Signal 

Level 

Time Delay 

(MHz) 

(db uv) 

(watts) 

(Sec) 

200 . 

no * 

63 

_ 

200 

112 

100 

3.503 

200 

114 

158 

- 

200 

120 

628 

- 


(Continued) 
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Frequency 

(MHz) 

(Continued) 

Signal Level 
(db uv) (watts) 

Time Delay 
(Sec) 

250 

100 

7.9 

3.723 

250 

102 

12.5 

3.719 

250 

104 

19.7 

3.717 

250 

104 * 

19.7 

3.720 

250 

105 

24.8 

2.101 

250 

106 

31.2 

1.443 

250 

107 

39.3 

1.514 

250 

no 

78.5 

1.224 

250 

120 

78.5 


Threshold level 
Did not fire 

(Specification limit = 120 db 

V or 1 watt whichever is less 


In an of the above cases, the input RF signal power level was well above 1 watt 
which, according to paragraph 6.5.1 of MIL-STD-461A, is evidence ^f compliance with 
CS02 requirements. Signal power level was maintained at 1 vit utilizing a 1000 watt 
source. Whenever evidence of susceptibility was noted. The signal power level was 
measured to assure specification compliance. The data sheets shewing the test fre- 
quencies at which functional tests were performed are included as pages A-5 and A-6 
of Appendix A. 

3.3 CS06 

3.3.1 Required Tests - The CS06 test was performed using the test set-up and 
methods of reference (a) and MIL-STD-462 with no indication of susceptibility 
evidenced. The data sheet for this test is included as page A-7 of Appendix A. 

3.3.2 Additional Tests - Since the choke in the positive DC power line used in the 
MIL-STD-462 CS06 test method would not be present in the actual installation of the 
test sample, additional CS06 tests were performed usino oarallel injection on the 
DC power lines without using the choke in the positive power line.. Using config- 
uration, the ignition system fired at a spike level of +18 volts measured with the 
spike generator connected to the power lines. There was no sensitivity to oulse 
repetition rate Jt was discovered that the most effective method of modifying the 
test sample to make it less sensitive to conducted spikes was to add a series choke in 

the line connected to P2-6 of the test sample. Using a 120 uh choke, the ignition 

system fired at a spike voltage of -40 volts and had a time delay of 2.895 seconds 
(outside specification limits) at a spike voltage of +60 volts. Using a 700 uh 
choke, the ignition system would not fire inadvertently at spike voltages up to 
±100 volts, although, the time delay was still affected, as shown below (all spike 
repetition rates were 10 PPS). 


Spike Level 
(Volts) 


Time Delay 
(Sec) 


+20 

3.664 

+20 

3.720 

+20 

3.721 

+25 

3.658 

+25 

3.628 

+30 

3.499 

+35 

3.382 
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(Continued) 


Spike Level Time Delay 

(Volts) ( Sec ) 


+40 

3.261 

+45 

3.147 

+50 * 

. 3.135 

+60 

2.908 

+60 

2.775 

-60 

3.720 


* Threshold level. (Spec, limit = +60v) 

3.4 RSOl - The RSOl test was performed on the test sample case (two axis) and 
connectors with the radiating loop antenna oriented as shown in Figure 13. No 
indication of susceptibility was evidenced. The data sheet showing the test 
frequencies at which functional tests were performed is indicated as page A-9 of 
Appendix A. 

3.5 RS02 - The RS02 test was performed on the test sample case and cable using 
both spikes and 400 Hz current as the field source. No evidence of susceptibility 
was indicated. The data sheet showing the field source levels at which functional 
tests were performed is included as page A-10 of Appendix A. 

3.6 RS03 - The RS03 test was performed with no indication of susceptibility 
evidenced at a field strength of 1 volt/meter. It was necessary to add a Band 
rejection filter on the electronic counter start gate line when tests were conducted 
between 47 MHz and 220 MHz due to the fact that the counter start gate was 
susceptible to noise being picked up on its start gate input line. A field strength 
of 10 volts/meter was maintained for most RS03 tests with only isolated cases of 
variations in time delay. At no test frequency, even at a field strength of 10 volts/ 
meter, was the time delay outside of the specified duration. The data sheets showing 
the test frequencies and field strength levels at which functional tests were 
performed are included as pages A-11 and A-12 of Appendix A. 
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4.0 CONCLUSIONS 

The Electronic Ignition Delay Module met all of the susceptibility requirements of 
MIL-STD-461A, Notice 1, with all system performance within the equipment 
specification limits. Although the test sample met the specification requirements, 
a potential problem does exist in the area of spike voltages conducted on the input 
power lines. The spike amplitudes at which inadvertent firing occured during the 
tests detailed in paragraph 3.3.2 are well within the range which could be expected 
to be generated if any other equipment were being operated on the same power bus. 
Accordingly, the strictest control must be exercised over the ignition system power 
lines, both positive and return, to prevent the generation of voltage transients. 
This control should consist of the prohibition of the addition of any voltage 
transient producing circuitry, both in the present design and in the future, to the 
ignition system power lines; and the isolation of the return line from the vehicle 
chassis ground, i .e. , using a return wire to the low side of the ignition system 
battery. 
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Frequency 
(G Hz) 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Antenna Factor 
(db) 

26.3 

31.8 

36.4 

39.0 

39.8 
42.6 

43.5 

45.2 

46.2 

49.0 


Figure 6 - EMCO 3102 Antenna Factors 
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FIGURE 8. - CS01 TEST SET-UP (PICTURE) 










CS02 Test Set-Up (Schematic) 
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FIGURE 10. - CS02 TEST SET-UP (PICTURE) 










Figure 11 - CS06 Test Set-Up (Schematic) 
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FIGURE 12. - CS06 TEST SET-UP (PICTURE) 
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FIGURE 14. - RS01 TEST SET-UP (PICTURE) 
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FIGURE 15. - RS02 TEST SET-UP (PICTURE) 
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FIGURE 16. - RS03T 
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